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PREFACE* 


The enactment of legislation by our Congress, June 7, 1906 (per¬ 
mitting the general use of tax-free domestic alcohol, after it has been 
suitably denatured, for industrial puqwses and for light, heat, and 
power) immediately created a wide-spread interest and inquiry through¬ 
out the United States as to the fa(ds relating to this whole matter. 
This law takes effect Jamiary 1, 1907. 

The scarcity of literature treating the subject of Denatured or 
Industrial Alcohol is so great that there are {tactically no books con¬ 
cerning it. This book has therefore l)ccn pre])arcd for the above 
reasons and to supply the facts in .answer to the iiuiuiries mentioned. 

The author had the honor to represent the American Chemical , 
Society and the Society of Chemical Industry, through their New Eng¬ 
land sections, in favor of Denatured Alcohol, at the so-called “Free 
Alcohol” Congression.al hearings, held at Washington, 1). C., February- 
March, 191)6, on the matter of rejxialing the internal-revenue tax on 
domestic alcohol after it had been suitably denatured. The testimony 
given at these hearings was from a great variety of sources and {Dossessed 
a highly educ.ational value and interesting character, and was afterwards 
published by our Government. Many imjxirtant abstracts from such 
testimony arc given in this book under their appropriate subjects. 

The author has also availed himself of the liirgc fund of data furnished 
by the Report of the British Departmental Committee on Industrial 
Alcohol, presented to both Houses of Parliament by command of His 
Majesty, March 23, 190.5. This rcjwrt (with the apj)endices giving por¬ 
tions of the testimony taken before this Committee in England, France, 


♦ Since this preface was written, supplementary legislation has been enacted 
amending and liberalizing the denatured alcohol law. A copy of such legidation is 
given on page 489. 
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Germany, and other continental countries) is given in the Appendix 
to this book. The complete United States Government Rules and 
Regulations, No. 30, concerning Denatured Alcohol, under the Act of 
Congress of June 7, 1906, as well as the United States Government tests 
and methcxls prescribed for the denaturing materials and the methods 
for the denaturing of alcohol, arc also included in the Appendix to this 
book. A list of books of refcrc'nce on industrial alcohol and allied 
subjects is given in the bibliography on page 493. 

There is also a very complete list, on page 494, from the Patent 
Review, New York, of all the important patents relating to improve¬ 
ments in the m.anufacturc of alcohol and in alcohol-distilling apparatus 
for the past twenty years. Some original work for this book has been 
done by the author; but the field is so large that it is an impossibility 
for any one person to cover it. For this reason the assistance of lead¬ 
ing experts has been gladly welcomed by him in the various phases and 
subjects treated in this book. 

The furnishing of important public foreign data, through our Depart¬ 
ment of State from accredited sources as to Denatured Alcohol, has 
been greatly appreciated by the author, and acknowledgment of the 
same is hereby duly made, as well as to our Department of Commerce 
and Labor, for similar aid. 

The thanks of the author are cordially extended to Prof. Samuel 
C. Prescott for collaboration in the material and calculations for Chapter 
II, to Dr. G. N. Lewis for assistance in prepfiring the elaboration of the 
theories connected with the processes of distillation in Chapter III; also 
to Dr. Augustus H. Gill, Associate Professor of Technical Analysis, for 
aid in the calculations and data (involved in the combustion of various 
liquid fuels) in Chapter VII. All of these experts are associated with 
the Massachusetts Institute of Technology, Boston, Mass. 

The author also desires to express his obligation to. Mr. Henry J. 
Williams, Chemical Engineer and Expert on Coals, Boston, Mass., for 
work done in determining the fuel value of denatured alcohol and the 
calculations thereon for Chapter VII, as well as to Mr. Frank E. Davis, 
Mechanical Engineer, Boston, Mass., for data on investigations of the 
use of alcohol in American types of internal-combustion engines. It is 
also a pleasure to record the indebtedness of the author to Mr. Leonard 
V. Goebbels, Mechanical Engineer of The Otto Gas Engme Works, 
Philadelphia, Pa., for securing the German data relating to alcohol 
engines and motors, furnished the author through their head company, 
the Deutz Gas Engine Works of Deutz-Cologne, Germany. The ac¬ 
knowledgements of the author are also duo to Dr. H. W. Wiley, Chief of 
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the Division of CJhemistiy of the U. S. Department of Agriculture, Wash¬ 
ington, D. C., for tables and data furnished on the composition of the 
raw materials used for the manufacture of alcohol and on the methods 
for its determination. Thanks are also due to other friends of the 
author who have given him many valuable suggestions used in the 
preparation of this book. 

The effect of the excessive internal revenue tax (of about S2.08 per 
gallon on alcohol in this country, gradually, from about the year 1860, 
increased to this sum) has been to prohibit the use of alcohol for indus¬ 
trial purposes. Meanwhile, wood alcohol, being tax free and much 
cheaper, was introduced for such uses and nearly replaced the better 
and more desirable, but taxed, ethyl alcohol. As however wood alcohol 
is at best a poor substitute for the tax-free Denatu^d Alcohol, we may 
confidently expect it will in turn replace wood alcohol. 

The whole problem of Denatured Alcohol in this country is therefore 
in a pioneer state of development, and for this reason the alcohol-using 
apparatus here descrited is largely of foreign make. 

The American manufacturers of internal-combustion engines and 
motors, as well as of other alcohol-using apparatus, have however begun 
thorough investigations on the use of alcohol and expect, from results 
so far obtained, to be able to place upon the market such engmes anid 
apparatus adapted to alcohol. The use of alcohol for illuminating pur¬ 
poses has been very highly perfected abroad, and a very promising field 
for such uses evidently awaits alcohol in this country. 

It is the hope and belief of the author that we Americans can solve 
for this country the problem of Denatured Alcohol in such a successful 
manner that all the world may secure, from the. results we here attwn, 
uses and benefits much greater than those heretofore achieved. 

Eotus Fkost Hebbick. 


Boston, October, 1908. 
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DENATURED OR INDUSTRIAL ALCOHOL. 


CHAin'ER I. 

COMPOSITION, HISTORY, AND USE OF DENATURED ALCOHOL. 

Composition of Denatured Alcoliol in Foreign Countries. Distilled Spirits 
Defined. History of Denatured Aleohol in Foreign Countries. History of Tax- 
free Alcohol in the United States. Use of Denatured or Industrial Alcohol in 
Foreign Countries. Use of Industrial Aleohol in Cuba. Use of Industrial 
Alcohol in the United States. 

Mukray’s New English Dictionary defines Denature, “2. To alter 
(anything) so as to change its nature; c.g., to render alcohol unfit for con¬ 
sumption. Hence Denatured, ])pl. (a) 1882, Athenaeum, 25 Mar., 

385/1. A paper on the Denaturation of Alcohol by the action of Wood 
Spirit, (ft) Denaturation, 1882, Chemist and Druggist, XXIV, 5/2. A 
commission in Germany has reported on the process of denaturalisa¬ 
tion of alcohol for manufacturing purposes.” 

From, the above definitions it is seen that we “denature " ordinary 
alcohol, or deprive it of its nature as a beverage, when we mix with it 
some substance requisite for this purpose. As to the spelling of the 
word which signifies such change, philology would indicate the choice 
of brevity if no shade of meaning were thereby sacrificed. It happens 
that the shortest word is also the simplest of those which have been 
used to describe such change. 

Between the spellings. Denatured, Denaturalized, Denaturalised, and 
Denaturized, all of which words have the same meaning when they refer 
to alcohol, the preference is overwhelmingly in favor of the first. This 
spelling was also used by the Departmental Committee in their Report 
on Industrial Alcohol to the British Parliament, March 23, 1905.* 

* Since the above was written, the United States Regulations and Instructions 
have been issued, and the word is there spelled Denatured. 
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Composition of Denatured Alcohol in Foreign Countries.— Denatured 
alcohol is made by mixing with ordinary alcohol some substances of a 
poisonous and repugnant character, but which do not detract from the 
use of such alcohol for industrial purposes. Among the principal sub¬ 
stances so u.sed may be mentioned commercial wood alcohol, pyridine 
partially rectified, bone-oil which contains large amounts of pyridine, 
benzine, and benzol; and for special puriioses, ether, castor-oil, spirits of 
turpentine, caustic soda, distilled grease from sheeps’ wool, and a number 
of other substances arc used as denaturing agents, as will be shown. As 
a rule the denatured alcohol, as sold for general uses, contains from 90% 
to 95% of alcohol by volume. Its alcoholic strength therefore 
conforms to these percentage figures by Tralles’ scale. Of such 
alcohol present a part is usually wood alcohol. The ])rnportion of the 
latter is governed by the laws in each particular country relative to 
such denaturing. 

The word alcohol is usually understood to mean ethyl alcohol or 
ordinary grain alcohol, and it is nuide on the commercial .scale by fer¬ 
menting and distilling processes, in which such raw materials as corn, 
rye, potatoes, sugar-beets, and molasses arc used. The United States 
Government definition of ethyl alcohol is given as follows: 

Distilled Spirits Defined. —Section 3248 of the Revised Statutes 
defines distilled spirits, spirits, alcohol, and alcoholic si)irit, within the 
true intent and meaning of the act, to be that substance known as ethyl 
alcohol, hydrated oxide of ethyl, or spirit of wine, which is commonly 
produced by the fermentation of grain, starch, molasses, or stigar, includ¬ 
ing all dilutions and mixtures of this substance, and declares that the 
tax shall attach to this substance, lus soon as it is in existence as such, 
whether it be subsequently separated as pure or impure spirit, or be 
immediately, or at any subsc-quent time, transferred into any other 
substance, either in the process of original production or by any subse¬ 
quent process. 

Ethyl alcohol is also made, commercially, from sawdust by Claassen’s 
recent jiroccss, which will be discussed in Chapter V. 

Ethyl alcohol must not be confused with wood alcohol, which is not 
made by fermenting at all, but by destructively distilling (heating) the 
wood in iron retorts or ovens and then condensing the vapors. It is 
then refined as described in Chapter V. The alcohol thus’ obtained 
is methyl alcohol and is also called, in commerce, wood alcohol. In 
appearance it is sometimes a pale straw color, sometimes colorless. 
It is volatile, inflammable, and is a solvent for many resins, gums, 
etc. It distills unchanged at 66° C. when pure. The valuable dism- 
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[ectant, formaldehyae, is made from it and also a number of aniline 
dyes, as the methylene blues, methyl greens, and the methyl violets. 

Oil of wintergreen is also made, synthetically, from methyl alcohol. 
Commercial wood alcohol has a very marked and repugnant odor and 
taste. The fumes or vapors from it occasion violent headaches, a de¬ 
pressed nervous condition, and often blindness, when prolonged exposure 
to such vapors has occurred.* Taken internally it nearly always causes 
blindness or death, and the internal use of wood alcohol is now consid- 
ered fatal. For this reason it is an admirable substance for denaturing 
ethyl or ordinary alcohol, being, in fact, f)ne of the best for such a pur¬ 
pose. Specially denatured alcohol, as denatured at the manufactory in 
foreign countries, will be discussed under Laws and Regulations of these 
ecnintries. 

History of Denatured Alcohol in Foreign Countries .—Great Britain 
was the first country which attempted to denature or methylate ordinary 
alcohol. The use of methylated (denatured) spirit, duty-free, was first 
authorized in IS.'j.'i by the Act IS and 19 Viet., C. 38. The present law 
on the subject is contained in the Spirits Act, ISSO, as amended by the 
Customs and Inland Revenue Act, 1890, and Section 8 of the Firuance Act, 
1902.t Such denaturing was accomplished by mixing ten per cent of 
commercial wood alcohol with onlinary alcohol, the resulting mixture* 
being called methylated spirit. The word methyl was taken from the 
methyl or wOod alcohol, and the word spirit is the common designation 
of the ordinary alcohol. The Standard Distionary defines “Spirit,” 9. 
as “a strong distilled liquor or liquid, especially alcohol, commonly 
plural—as ardent spirits.” Allen’s Commercial Organic Analysis, 1898, 
Vol. I, p. 78, mentions Methylated Spirit of Wine (alcohol) as “ a mixture 
of 90 per cent of rectified spirit (ethyl or ordinary alcohol) with 10 per 
cent of commercial wood B])irit.” The acetone and other constituents 
of the wood naphtha arc so difficult to remove that the spirit (so methyl¬ 
ated) is considered to be permanently unfitted for drinking purposes 
and is therefore not subject to duty. The wood spirit and wood naphtha 
mentioned mean commercial wood alcohol. We note from the U. S. 
Daily Consular and Trade Reports of the Department of Commerce and 
Labor, Bureau of Manufactures, Washington, D. C., April 17, 1906, that 


♦ See case of Mr. Cliarlcs Bedell, a painter permanently blinded by the fumes 
of wood alcohol, who so testified at the Congressional “Free Alcohol” hearings, 
at Washington, D. C., Febriiary-Man'h, 1906. 

t Action has since been taken by Parliament with the result that new and 
much mote liberal regulations have been issued under date of October 1, 1906. 
These regulation^ are given in Cliapter IX. 
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the Chancellor of the Exchequer announced in Parliament recently, in 
response to an inquiry as to whether anything was to be done to free 
British manufacturers using alcohol in their business from the disadvan¬ 
tages they now suffer compared with their European competitors, that 
“the matter is now under consideration,” and he “hoped to introduce 
legislation at an early day.” 

In Germany the use of pure spirits free of tax was first permitted in 
1879, modified and liberalized in 1887. The denaturing at the beginning 
in 1879 was done with wood alcohol. Until 1887 the German Govern¬ 
ment used what was practically the system employed in England. Later, 
in order to permit freer general use, the pyridine bases were added, and 
this was regarded as an advance on the English system. These pyridine 
bases are exceedingly repugnant to the taste and smell; they belong to 
the group of alkaloids of which pyridine is the type, and are obtained as 
“by-products ” from the liquid or “coal-tar ” portions, which result from 
the destructive distillation of coal. Other substances are thus obtained, 
and fn)m them the beautiful aniline or coal-tar dyes, and other coloring 
materials used in dyeing, are made. The pyridine bases can also be pro¬ 
duced by the refining of bone-oil. Bone-oil is commonly made by the 
destnictive distillation of bones. In Germany the “partially rectified ” 
pyridine is the kind used for general denaturing purposes. 

France has pennitted the use of denatured alcohol, under benefit of a 
special tax of 37.50 francs per hectolitre, since the law of August 2,1872. 
(A hectolitre =2C.4179 U. S. gallons.) This wi>s revised by the consulta¬ 
tive committee on May 11, 1881, and modified so as to render the law 
more efficacious by making it impossible to use any methyl alcohol 
except that which, being pos.sc.ssed of the characteristic odor of this 
commercial product, renders any alcohol to which it has been added 
absolutely unfit for consumption. Such a methyl alcohol is furnished 
by the commercial wood alcohol. 

They used in addition some heavy benzine from the distillation of 
coal, and some malachite nr aniline green dye. This gave a methylated 
or denatured alcohol of pale-green color, intended for general use. By 
the law of April 16,1895, an extra tax of 0.80 franc per hectolitre was 
added to cover the expense of supervision by the treasury. 

The French have also considered the use of an additional denaturing 
agent, such as the product obtained by Dr. Lang of Switzerland, from 
the destructive distillation of the grea.se from sheeps’ wool. The sub¬ 
stance so obtained is said to be a mixture of several methyl derivatives 
of very repugnant smell and taste. 

Switzerland has permitted untaxed methylated or denatured alcohol 
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Bince January 31, 1893, by decree of the Federal Council, pursuant to 
Article 6 of the law relating to spirituous liquors of December 23, 1886, 
on the proposition of its Department of Finances and Taxes. By a major¬ 
ity of the voting citizens, as well as by a majority of the cantons, the 
following change in the federal constitution of 1874 has been adopted: 

“ Art. 32. The Confederation is authorized, by way of legislation, 
to issue directions relating to the manufacture and sale of distilled 
liquors. • 

“ At this legislation those prodwts that are either to be exported or that 
have undergone a preparation excluding their use as a beverage shall not 
be subjected to any taxation. 

“ The distilling of wine, fruit, and their wastes of fell-wort, of juniper 
berries, and of similar materials does not, concerning manufacture and 
taxation, fall under federal legislation.” 

The choice of methylating substances was left to the federal depart¬ 
ment of finance, which may require, as an additional guaranty against 
unlawful employment, that the alcoliol intended for relative methylation 
be diluted with water. 

Wood alcohol, pyridine bases, and .solvent naphtha were used as 
denaturing agents in Switzerland. 

Belgium granted the use of denatured or methylated alcohol by the 
law of April 15, 1896, and further liberalized by revi.sions of June 15, 
1896, and July 19,1896. The minister of finance determines the process 
of methylation and the nature and the projiortion of the materials 
destined to render the alcohol unfit for human consumption. Methyl or 
wood alcohol has been used by Belgium as one of the methylating sub¬ 
stances. Alcohol has also been specially denatured at the manufactory 
where it was used. 

The Netherlands permitted denatured alcohol since the enactment of 
the laws of the 7th of July, 1865, and the 14th of Septemter, 1872. 

The methylating was done by mixing with wood spirits or commercial 
wood alcohol, whereby the spirits were made unfit to serve as a beverage. 
The government also reserved the right to fix the requisite precautions 
relating to exemption from excise for use of alcohol in vinegar manu¬ 
factories and in state, provincial, and communal institutions of instruc¬ 
tions in the physical sciences. 

Itaiy, by n law under the royal decree of August 29,1889, concerning 
the use of untaxed alcohol, gave relief by means of a drawback for spirits 
used in making vinegar and manufacturing oenolin. 

Sweden, by royal decree of October 10, 1890, permitted the denatur¬ 
ing of alcohol free of taxes, and the selling of the same, by circular of 
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this date, relating to the manufacture of alcohol, etc., paragraph 10, 
mom. 4, and the regulations of July 13,1887. 

Wood alcohol and pyridine bases were prescribed for denaturing 
agents, and permits were given for special denaturing by manufacturers 
of varnishes, fulminate and percussion caps, alkaloids, chloroform, iodo¬ 
form and chloral, tannic acid, vinegar, acetates of lead, and other ace- 
talcs. Denatured alcohol kei)t for sale must be mixed with suitable 
coloring-matter, by special regulation of the chief of the Bureau,of Control 
and Adjustment. P.aragraph 24, decree of October 10, 1800, prescribes: 
1. (Jiargcs for denaturing the alcohol are 3 ore (from January 1, 1805, 
2 ore, in accordance with royal circular of June 1, 1804) for each liter of 
normal strength. 2. When restitution of taxes is m.ade these eh.argcs 
should be included, but charges for denaturing made at distilleries are 
accounted for by deducting taxes from 04 per cent of the denatured 
alcf)hol. 

In Norwan, Ijy royal decree of J>me Iti, 1801, becoming ojicnativc Jan¬ 
uary 1, 1802, and by government re.solution of June 20, 1804, No. 23, 
iintaxed alcohol, cither as methylated (denatured) brandy or when it is 
found in .some other satisfactory manner to be guaranteed against being 
usetl for drink, which the government department may allow, is per¬ 
mitted to be relieved of the production tax in the same way as brandy, 
and the owner of the brandy has to bear the cost of the methylation 
and the supervision thereof. 

Portwjal has ia;rmittcd the use of untaxed alcohol, all the expenses 
for the methylation, whether it be voluntary (requested by the manu¬ 
facturer or owner) or obligatory (when decreed for jjurposes of shipment 
or on the occasion (if a visit), shall be borne by the manufacturer or 
owners of the liquids to be methylated. 

Audna-IIungary has allowed exemption from the consumption tax 
on methylated alcohol by the Excdiequer decree of April 10,1888. Sup¬ 
plement 111 to Sections 6, 66-69, and 73 of the law contains the regula¬ 
tions for the spirits destined for use free of duty. Wood alcohol and 
pyridine bases were prescribed for denaturing agents. Phenolphthalein 
was prescribed in iuldition to these two substances by Exchequer decree 
of August 15, 1889, Govern. Law Gazette, No. 130; Ordinance Gazette, 
No. 13. The phenolphthalein has the quality that it easily dissolves 
in alcohol, concentrated, as also diluted, without changing the color of 
the latter, and when soda-lye or caustic-soda solution is mixed with 
such alcohol it gives at once an intense-red color, the coloration being 
said to be noticeable even in as weak a mixture as one of phenolphthalein 
in ten million of denatured alcohol mi.xture. 
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Through the addition of phenolphthalein to the denatured or methyl¬ 
ated alcohol, therefore, the controlling officials are put in a position, in 
a simple manner, at all times to prove whether potable (beverage) spirits 
have been manufactured from spirits which have been methylated for 
the common commerce or are blended or not blended with such spirits. 
And besides this, perhaps, to establish whether or not spirits (alcohol) 
already methylated by the usual woml alcohol and pyridine bases are 
prcsentcsl for methylalion. Special denaturing methods were also per¬ 
mitted by Austria-Hungary, in which were used vinegar, animal oil, 
turpentine-oil, ether, shell.ac solution, mineral oil, and castor-oil soap. 

History of Tax-free Alcohol in the United States.—In 1817 the inter¬ 
nal-revenue tax on distilled spirits was repealed, and from that time until 
the outbreak of the Civil War no recourse was had- to internal taxes of 
any kind, though the Treasury suffered periodically from diminished 
revenues. When, at the breaking out of the Civil W.ar in 1861 it became 
necessary to resort to every possible means to raise money, a tax was 
levied on distilled spirits of 20 cents a gallon. As early .as 1864 it has 
been understood Congress wishc<l to relieve the industrial uses of alcohol 
from tax.ation, and to tax only that consumed as a beverage, but no way 
could be devised, as at that time denaturing was not an established fact 
iis it is now. Interest increased in the subject throughout the country, 
culminating in the i)a.ssage by our Congress of such legislation as would, 
by a rebate or repayment of the internal-revenue tax, provide free alco¬ 
hol for industrial uses. This law became operative by the tariff act of 
August 28, 1894, and Section 61 of this law provided for such rebate. 
No provision was inmle in thus law. Section 61 of this act, for rendering 
such tax-free alcohol unfit for use as a teverage or denaturing it. Again, 
Section 61 of this law (the tariff act, August 28,1894) provided tax-free 
alcohol under regulations to be prescribed by the Secretary of the Treas¬ 
ury, and as such regulations w’Cre never formulated, the law was there¬ 
fore inoperative. This led to claims from manufacturers, covering some 
twelve months of the period it was in force, aggregating some $2,500,000, 
against the government. Suits were brought by these manufacturers 
for this rebate on alcohol, and these suits were tried in the U. S. Supreme 
Court and were not allowed. 

An act to repeal Section 61 of the law permitting tax-free alcohol 
for industrial purposes, as explained, was enacted by our Congress and 
was approved June 3, 1896. In this act of June 3,1896, Section 2 pro¬ 
vided that a Joint Select Committee from the Senate and House of Repre¬ 
sentatives was authorized to consider all questions relating to the use 
of alcohol in the manufactures and arts free of tax, and to report their 
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conclusions to Congress on the first Monday in December, 1896. The 
Committee were unable to finish the hearings and inquiries at that date, 
and so stated in their report to Congress, in which they respectfully 
suggested that the provisions of Section 2 of the act approved June 3, 
1896, lie continued in force for such purposes. Reports were made by 
the Senate Finance Committee, January 12, 1895, on the same subject. 
The Joint Select Committee on alcohol in the manufactures and arts 
reported on this subject, including hearings, December 17, 1897f 

The Joint Select Committee did not recommend exempting alcohol 
as used in the manufactures and arts from taxation. At this point 
attention is called to a provision which was incorporated in the so- 
called Mills bill in October, 1888, as reported by the Senate Com¬ 
mittee on Finance, and passed by the Senate, for the untaxed use of 
alcohol under .supervision therein .specified. The report on that bill 
(Senate Report, No. 2332, Fiftieth Congress, First Session) contains, 
among others, the following reference to this .subject: “The heavy tax 
upon alcohol unnecessarily increases the price of many manufactured 
products, with no corresponding benefit except the resulting revenue, 
which Ls now unnecessary.” This provLsion in the Mills bill, in October, 
1888, was deemed by the manufacturers wholly impracticable. 

Use of Denatured Alcohol in Foreign Countries. 

Use of Methylated Spirits'(Denatured Alcohol) in the United Kingdom 
(British Isles). 

Comparison of the Quantity op Spirits, etc., T1.sed in Making Methylated 
Spirits, and of the Methylated Spirits Produced for the Five Years 
ENDING March 31, 190-1, in the United Kingdom (British Isles). 


Year Ending 
March 31. 

Ordiuarv 
(Unmineralized) 
Methylated 
Spirit for Manu¬ 
facturing I'unJoaes 

Mineralized 
MetUylatefl 
Spirit for Hctail 
Sale. 

Total. 


Gallona. 

Gallons. 

Gallons. 

1900 

2,0.'>8.450 

1,328,102 

3,380,612 

1901 

2,07.'i,.’il4 

1,439,243 

3,514,757 

1902 

2,1,57,127 

1,410,603 

3,567,730 

1903 

2,213,,580 

1,464,672 

3,678,252 

1904 

2,139,784* 

1,527,573 

3,667Ji.57 


• The decrease in 190.1-4 ia mainly due In the fact that certain firms, e.g., the Britieh Xylonite 
Company, Nohela. and ]*itch and Company, have been allowed the use of duty-free alcohol 
denaturw by other aubatanrea than wmxl naphtlia 

The total quantity ao allowed in 190;l-4 waa 906,452 proof gallona, which woula bo 125,885 
bulk gallona at 64“ o.p. 93.5 per cent real alcohol. 

A'ofc.—For British method calculating absolute alcohol from strength of spirit, 
in terms of their standard of “proof” and comparison with United States ditto, 
see Chapter IV. 

To convert British or Imperial gallona into U. S. gallons multiply by 1.2. 
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Use of Denatured Alcohol in Germany, 
Quantities of Duty-pbee Spirit Issued dubino 1901-1905. 


Year.* 

Completely 

Deaatureef. 

Incompletely 

Denatured. 

Undeiiatured. 

Total. 

1901. 

Gslluns. 

17,210,490 

15,.504,038 
19,804,180 
25,998,805 
25,889,102 

Gallons. 

7,474,.588 
7,009,068 
7,936,000 
10,195,5.53 
10,353,633 

Gallons. 

744,040 

1,307,394 

391,424 

575,335 

701,1.34 

Gallons. 

25,429,118 

24,421,100 

28,131,664 

36,769,753 

36,943,869 

1902. 

1903. 

1904.... 

1905...’. 



* From report U. B. Consul-General Alexander M. Tbackaro, Berlin, Germany. 


The use of undenaturcd duty-free .spirit in the preparation of 
medicinal tinctures and prescriptions was formerly allowed in Germany. 
This privilege was withdrawn after September 30, 1902. The undc- 
naturcd alcohol is now only allowed to be used duty-free in certain 
hospitals, asylums, and public scientific institutions, and for the making 
of smokeless powdere, etc., mainly used in government factories. The 
sudden increase from 33,820 hectolitres in 1901 to 59,427 hectolitres in 
1902 was probably connected with the publication of the intention of 
the government to disallow the use of pure, duty-free spirits for medicinal 
purposes, this intention being published a year in advance of the time 
that it was to take effect. 


Use of Denatured Alcohol in France. 


Table Showino the Quantities of Denatured Spirit Used in France foR 
Various Manupacturino Purposes durino the Years 1900-1903. 


Manufacture, etc*., for which Used. 

Gallons* of Pure Alcohol. 

1900. 

1901. 

1 1902. 

' 1903. 

Lighting, heating, motor-engines, 

etc. 

Vamisheb, lacquers, and polishes... 
Dyeing.. 

2,764,2.56 

385,264 

3,432 

1.58,3,56 

100,408 

1,427,206 

8,492 

19,294 

3,366,110 

360,420 

16,346 

111,518 

60,852 

1,530,848 

9,438 

78,892 

4,999,.566 
312,136 
902 
87,186 
149,886 
1,539,912 
8,932 
88,000 

5,764,792t 

317,834t 

U,704t 

101,090t 

613,162 

1,405,338 

11,418 

15,818 

Drugs and chemical preparations. . 




4,866,708 

5,534,430 

7,186,520 

8,241,156 



* British or Imperial ^lons. 

t These spirits, as well as a larite proportion of that classed under chemical preparations 
and ‘‘explosives,” contain JO per cent of wood naphtha. 

Since January 1, 1002, a drawback of 9 francs hectolitre (about 2H- Per proof gallon) 
has ^en allowed on alcohol used for lighting and heating, to compensate for the cost of roethjd- 
af ine, and to enable this spirit to compete with petrol in motor-cars, etc. 

Tnere was some alteration in the classification of “drugs,” “ether," etc., in 1003. 
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Use of Denatured Alcohol in Switzerland. 

Quantitt op Denatdked Si’iKiT OF All Kinds Sold in Switzbbland 
Duking 1903. 



KiloRTBins at 

93- to 90°. 

Equivalent 
Gallunfl at 

63“ to 66“ o.p. 

“AlisoluU'ly” denatured. 

“R(‘latively” denatured: 

4,7SS,(K)3 

1,284,060* 

From monopoly. 

110,980 

— 

From iinpoilations. 

1,.567,002 

1,078,682 

4,53,217 

'I'otal. 

0,4:16,.586 

1,737,877 


* British or Imfierial galluos. 


Duty-jree Spirit. 

Abstract of the Swiss Rcgidations .—TJic Alcohol Department are 
authorized to .sell denatured spirits in quantities of not less than 150 
liters (33 frallons) at cost price for the following purposes: 

(a) For cleansing, heating, cooking, lighting, as well as for use in 
motor-engines; 

(5) For industrial purposes generally, except the jireparation of 
beverages or of liquid cosmetics and perfumes; 

(c) For making vinegar; 

(d) For scientific purposes; 

(e) For jireparing pharmaceutical products which do not contain any 

alcohol in their finished condition and are not mixed with 
alcohol when used. 

Use of Industrial Alcohol in Italy. 

Under date of January 20, 1905, the American Minister in Rome 
(Mr. Meyer) transmits the following translation of a communication 
from the Foreign Office and Ministry of Finance of Italy relative to the 
taxation and consumption of alcohol in that kingdom: 

“The taxation im])os(!d in Italy on the manufacture of spirits is 190 
lire per 100 liters ($:3().G7 jier 105 quarts) of anhydrous alcohol (pure 
alcohol), at the temperature of 15.50°, according to the centesimal ther¬ 
mometer (00° F.). Dcxluctions are allowed of 10 per cent upon manu¬ 
factures of the first category, those in which starch and starchy sub¬ 
stances and remains of the manufacture and refining of .sugar are used, 
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and of 15 per cent upon manufactures of the second category, distilla¬ 
tions of fruits, wines, dregs of pressed grapes, and other remains of wines 
only. 

“ Deductions on products of factories provided with meters are allowed 
of 25 per cent for distillations of fruits, dregs of pressed grapes, and 
remains of wines, and of 30 per cent for distillations of wines and small 
wines. The co-operative societies manufacturing articles of the second 
category fnjoy a deduction of 18 per cent, which may rise to 28 i)er cent 
if they distill dregs of pressed grapes and other remains mentioned, and 
34 per cent if they distill wine only. The last two advantages depend, 
fiowever, on the condition that the factories are furnished with meters. 

“Complete exemption from taxation is not granted, except to spirits 
derived from wine, dregs of pressed grapes, and other remains from 
wines when projierly adulterated and intended only for lighting, heat¬ 
ing, motor power, or othim industrial and determined uses; while for 
spirits obtained from substances not containing wine the (axation is 
reduced to 15 lire per 100 litiws ($2,895 per 105 (juarts) of pure alcoliol 
if destined for the above-mentioned ]mrposes. During the financial 
year 1903-4, for such purposes 17,602 hectolitres (406,277 gallons) of 
pure alcohol were adulterated, of which 15,077 hectolitres (413,477 
gallons) were from substances containing wine and 2585 hectolitres 
(52,800 gallons) from other substances.” 

Consul James E. Dunning, of Mil.an, reports, under date of Monday, 
August 6, '900; “There is no demand in Italy, so far as 1 have teen 
able to discover, for alcohol as fuel for engines, automobiles, etc. Neither 
is gasoline used for these purposes. Benzine is the principal fuel, and 
the price in quantities is |16,80 jier 100 quarts for German stock, while 
g.asoline is quoted at $23.75 per 100 quarts. I find American benzine is 
quoted among the dealers in fuel for automobiles at about $16.25 per 
100 quarts. Milan dealers tell me that American benzine is imported in 
exceedingly small quantities, through the port of Venice, but that it is 
not in favor here. There appears to be no better reason than that no 
special effort has teen m.ade to introduce it here. Most of the benzine 
used in Italy comes from Germany and Austria, the German stock having 
a very long lead. The Italian import duty on benzine is $9.50 per hun¬ 
dred kilos, or 220 pounds. Italy has no customs conventions with other 
countries on oils of this classification, excepting that with the United 
States, which allows turpentine-oil free entry. The entire manufacture 
of alcohol is in the way of becoming a government monopoly, on account 
of the heavy taxation placed upon it and the impossibility of importing 
any stocks from outside the country under the protective tariff which' 
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stands against it. The present price of 95 per cent proof ethyl (grain) 
alcohol to first hands is 54 cents per quart in large quantities.” 


Use of Denatured Alcohol in Belgium. 

Consul-General G. W. Roosevelt, of Brussels, reports that as denatur¬ 
ing alcohol for fuel is not allowed in Belgium, there is no demand for 
alcohol as fuel for engines and automobiles. To denature ethyl alcohol, 
acetonized methylene is specially used, also methylcthylketone, but only 
on a small scale. ' 

Wood (methyl) alcohol 100° is quoted at 75 francs ($14.47) per 100 
liters (26.417 gallons); grain (ethyl) alcohol, 90°, at 50 francs ($9.65) per 
100 liters. Gasoline for automobiles and motors sells in iron casks 
(minimum, 100 liters) for 23 francs ($4.44) per 100 liters. 

From the British report on industrial alcohol we learn that the quan¬ 
tities of denatured alcohol used during the years 1902-4 in Belgium 
are as follow.s: 


1902 

Gallons at 50^. 

769,956. 


1903 

GaltoDS at 50^. 

1,321,584 


Nine Months of 1904. 
Galloutj at f>0^. 

1,257,146. 


Richard Guenther, Consul-General, Frankfort, Germany, March 31, 
1905, reports that, according to German papers, there are two industries 
in Belgium which owe their existence to-day to the fact that denatured 
alcohol is not subject to any tax in Belgium, namely, the manufacture 
of ether and of artificial 'silk, which use more than 2,500,000 gallons * a 
year. The demand for alcohol by these industries has increased thirteen¬ 
fold since 1896. 


Use of Industrial Alcohol in Spain. 

The Report of U. S. Consul-General Benj. H. Ridgely, Barcelona, 
Spain, January 17,1905, states that “the organization of a great alco¬ 
hol trust is the most important recent industrial and commercial develop¬ 
ment in Spain. The formation of La Sociedad Union Alcoholera E^panola 
has just been completed, with home- office at Madrid, and a capital of 
16,0(K),(H)0 pesetas, equal nominally to $3,088,000. f 

“The basis is the molasses contract entered into with the Sociedad 
General Azucarcra, which owns most of the sugar-mills in Spain. Be¬ 
sides these the combine has already acquired the largest and best situated 
grain distilleries, and hopes to be able to control also the production of 

♦ This probaldy means the nuinlier of gallons in terms of S0°. 
t The consul-general estimates the peseta at its gold value, 19.3 cents; the 
value ol the peseta of general currency is about 16 cents.—U. S. Bureau of Statistics. 
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vinic alcohol. The proposal to form an alcohol trust was, at the outset, 
regarded with doubts and misgivings by producers of what is known as 
industrial alcohol when they learned the conditions under which the 
trust was to be formed; but more than half of all the manufacturers of 
Spain have now given their adherence, and among them are some of the 
largest distillers in the country. The director states that the object of 
the formation of the trust is the acquisition of molasses or dregs from the 
National Sugar Company on the production of alcohol therefrom on a 
cheaper* scale. The formation of the trust has been favorably welcomed 
by manufacturers. 

“ There are 54 industrial alcohol factories, and up to the present 31 of 
them form part of the Society, the most modern and important estab¬ 
lishments being included. The annual production of industrial alcohol , 
is calculated to be 600,000 hectolitres (15,8.50,200 gallons). We trust 
tli.at by producing cheaper alcohol the consumption for industrial pur¬ 
poses will increase. The immediate effect of the new alcohol law has 
been to turn things ui)side down. Alcohol at present is used almost 
exclusively tor heating, but our purpose is to bring it into general use for 
light and power.” 

The above report states, further, that in order to enable the trust to 
completely control the trade in times such as the present year, when the 
low price of wine prevents industrial alcohols from competing with vinic 
alcohol, it has been proposed to invite the distillers of vinic alcohol to 
join the combine. In any case con.siderable time must elapse before the 
trust can hope to be in a position to operate. 

Use of Industrial Alcohol in Cuba. 

Under date of August 20,1904, at Havana, Cuba, Mr. H. G. Squiers, 
the American Minister, writes as follows concerning the use of alcohol 
motors and pumps in Cuba: 

“Matanzas, a city of about 40,000 inhabitants, has water connection 
in 1700 out of 4000 houses, which'use about 100,000 gallons a day. The 
water-works, operated by an American company incorporated in the 
State of Delaware, are located a few miles distant from the city, where 
there are springs giving excellent water in sufficient quantity to supply 
a city of 100,000 people. 

“The alcohol motor-pump, used on Sunday last for the first time, is 
of German manufacture, and cost complete, with installation, $6000. 
This motor-pump is a 45-horse-power machine, and is operated at a fuel 
cost of about 40 cents an hour, or $4 a day of ten hours, pumping 1,000,000 
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gallons of water. As alcohol is very cheap (10 cents a gallon) the run¬ 
ning expenses of these motors are at the minimum. The Germans are 
selling in Cuba many such motors for electric-lighting and water plants 
at very low prices. One firm has a contract to put in an alcohol motor- 
pump at Vento, for use in connection with the Havana water-supply, 
which is expected to develop 180 horse-power, to cost, with installation, 
about $2.5,000, and to pump 1,000,000 gallons an hour, at a fuel cost of 
$1.60. The same firm has installed an electric-plant alcohol motor i f 
45 horse-power, which supplies 138 lights (Hersh lamps), at a fuel cost 
of 5 cents an hour.” 

Under date of August 6, 1906, Consul-General Frank F. Steinhart, of 
Havana, reports that “the consumption in motive power is as yet insig¬ 
nificant, as there arc but few motors operated by alcohol. Denatured 
alcohol is u.sed for illuminating purpof5es in the household to some extent 
outside of the cities. The moLosscs obtained as a by-product in the 
manufuciAirc of cane-sugar in Cuba amounts to thousands of tons. This 
molas.ses tests about 50° polarization. If the sugar-factories should set 
up distilleries to convert this molasses into alcohol, it would resolve the 
problem of fuel, the most important in sugar industry, by burning alcohol 
as a spray over the bagasse or spent cane, as is done by the ))lantcrs of 
Louisiana with petroleum, and also would furnish low-priced alcohol for 
industrial imrposes.” 

Qmility .—For domestic puriioses, as well as for industrial purposes, 
two kinds of alcohol, of different deasity, are employed, viz., that called 
aguardiente, generally 20° to 22° proof, Cartier, or 60° centesimal, and 
rectified alcohol, 42° Cartier jiroof, or 90° to 92° centesimal; and as Imth 
kinds have the same origin the difference consists only in that the former 
contains more water and has in solution slight quantities of oily acids, 
characteristic of the main liquid, while that of 90° proof may be con¬ 
sidered practically pure. For denaturalization, alcohol of 90° to 92° 
proof is generally used. 

Prnporlion of Fusd-oil.—As the alcohol produced and used in Cuba 
proceeds from the fermentation of molasses or the juices of the sugar¬ 
cane, it does not contain any fusel-oil. This substance has never been 
considered as a problem in hygiene, nor are there any special regulations 
in regard to it. Spirits, however, when accompanied by the products 
when first distilled (rmuvais gouts de tile, as the French say), contain 
methylic alcohol, and if accompanied by the products of secondary dis¬ 
tillation they contain something of fusel-oil; but as these products are 
easily separated by rectification, alcohol in use in Cuba, such as leaves 
the distilleries, is practically pure. 
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Prodwtion .—No other prime material is used in the manufacture of 
alcohol than the products of the sugar-cane. Up to the present time the 
substance employed to denaturalize alcohol is camphor, at the rate of a 
gram per liter of alcohol; but the Treasury Department of Cuba has 
requested the Academy of Science to designate some agent for denatu¬ 
ralization more convenient, and the Academy of Science has suggested 
that a mixture composed of naphthaline and formaldehyde be used, at 
the r.ate yf 50 centigrams of each per liter. If the Secretary of the Treas¬ 
ury accepts the proposal of the Academy of Science, the cost of denatu¬ 
ralization of alcohol will be .S0.0047 i)er American gallon. The camphor 
now employed costs about $0.01.35 per American gallon, but as there 
docs not exist any practical means to determine quantitatively the amount 
of camphor dissolved, and as, moreover, the employees of the Depart¬ 
ment do not witness the denaturalization, some suppose that the manu¬ 
facturers put into the alcohol they make for sale a much less quantity 
of camphor than is ordered by the authorities. 

Per pound. 


The pre.sent cost of camjdior is. $1.65 

“ “ “ “ formaldehyde is. 0.25 

“ “ “ “ naphthaline Ls. 0.90 


Denaturalization is tested by the characteristics, such as smell, taste, 
etc., but in case of litigation or disagreement loetween parties a sample 
is sent to the National Laboratory, where the alcohol is examined and 
analyzed according to the usual c.hemical proce.ss. 

The cost of the denaturalized alcohol which is generally sold for 
public use is from $48 to $50 (S})anish gold) per large pipe, which contains 
173 American gallons, The difference depends upon the graduation, 
generally 40° to 42° Cartier, 90° to 92° centesimal. 

It must be taken into account that the graduation or proof is taken 
in commerce at the temperature of the air (atmosphere), and as the ap¬ 
paratus is graduated at from 15° to 17.5° centigrade, the real strength of 
the alcohol is about 30° to 40° Carlier. Retailers sell the “garafon ” 
(demijohn), about 4.55 gallons, at $1.60 to $1.70 Spanish silver, while 
bottles of about the fifth of a gallon in capacity are sold at $0.08 Spanish 
silver. 

Ether, chloroform, smokeless powder, and other explosives, some of 
which are made from alcohol, are not Cuban industries, and what are 
consumed there are generally brought from the United States. 

Use of Industrial Alcohol in the United States.—In 1838 Augustus 
Van Horn Webb invented and introduced his “Webb’s Camphene 
Burner.” This illuminating lamp u.sed a mixture called “burning 
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fluid,” one part of Webb’s camphene and four and one-half parts of 95 
per cent alcohol. The use of alcohol for lighting purposes increased to 
such an extent that during the year 1860, according to the authority of 
the Hon. David A. Wells, Commissioner of Internal Revenue from 1866 
to 1870, in manufacturing this “burning fluid” there were used some 
25,(ip0,000 gallons of proof-spirits, equivalent to about 13,157,894 gallons 
of alcohol of 95 })er cent strength, as 1.88 gallons of proof-spirits were 
required to manufacture each gallon of alcohol used in such “burning 
fluid.” The imposition of the internal-revenue tax on distilled spirits 
in 1861, and the fact that camphene rose in price from 35 cents per gal¬ 
lon, prior to the Civil War, to $3.80 in 1864, increased the cost of this 
“ burning fluid ” lieyond the possibility of using it in competition with 
kerosene, which was discovered, refined, and put on the market at about 
this time. It is interesting to note that about four fifths, or 80 per cent, 
of the use of industrial alcohol in the United States prior to I860 was for 
the “burning fluid ” described above. The small remaining product met 
the requirements of the druggists and of that used in the arts and 
manufactures at that time. 

As time pas.sed the taxed distilled spirits or alcohol was used by those 
manufacturers who were obliged to use pure alcohol, but, finally, owing 
to the excessive internal-revenue tax of $2.08 per gallon on high-inoof 
alcohol, such use was practically prohibited. 

Another fact which f)perated effectively to decrea.se the use of alcohol 
was the introduction of wood or methyl alcohol, made by destructively 
distilling wood in iron retorts or ovens. 

Up to the time the present law, permitting denatured alcohol, was 
passed, such wood alcohol, untaxed, owing to its cheapness, had prac¬ 
tically superseded tax-paid ethyl alcohol for industrial uses in the United 
States. Wood alcohol, 95 per cent in strength, sells for about 75 cents 
per gallon, while the taxed alcohol sells in the vicinity of $2.50 per gallon. 
This law permits tax-free, domestic, denatured alcohol for general pur¬ 
poses after January 1, 1907. A copy of this law is given in Chapter 
IX, and a complete copy of the United States Regulations and In- 
struetions concerning Denatured Alcohol is published in the Appendix 
of this book. 



CHAPTER II. 

THE MANUFACTURE OF ALCOHOL. 

The Raw Materials Used. The Pn^paration of the Raw Materials for Fermenta. 
tion. The Composition of the Haw Materials Used. Malting. The Fermentation. 
Theoretical verms Practical Yields of Alcohol. The Micro.organisms. The TTse 
of Moulds in Saccharification. The Fermentation Period. Wild and “Disease” 
Yeasts. The Control of the Fcnnentation Operations: (a) The Control of the 
Yeast; (h) The Estimation of the Fermentable Matter; (c) The Estimation of 
the Yield in Alcohol from the Fermented Mash. 'J’hc Conditions Favorable to 
Alcoholic Fermentation. 

In practice on the commercial scale, the manufacture of alcohol is 
conveniently considered under the five following heads or processes; 

1. The preparation of the raw materials. 

2. Tiie transformation of the .starch into a fermentable sugar (sac¬ 

charification). 

3. The conversion of this sugar, or other sugars present in the sweet 

wort or mash, by fermentation into alcohol and carbon dioxide. 

4. The extraction of the alcohol by distillation. 

5. The rectification of the alcohol. 

In some instances 4 and 5 are combined in one process, as will be 
shown in Chapter III. 

The Raw Materials Used.—The raw materials asually employed in 
the manufacture of alcohol are corn, rye, barley, rice, (white) potatoes, 
sw'eet potatoes, and molas.ses. Barley i.s not u.sed as a direct source of 
alcohol, but serves to make the malt used in the saccharification process. 
Sugar-cane molasses is largely used as a source of alcohol, w'hile beet 
molasses is not employed for this purpose to any great extent, but is 
ased as an ingredient of cattle-feed. 

The Preparation of the Raw Materials.—^The impurities of all sorts 
should be removed from the raw materials before they are put into 
process. Such impurities are dust, dirt, stones, grain aggidentally pres¬ 
ent, etc. Without such purification treatment the distilling apparatus will 
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be liable to become filthy and subject to injury, and a noxious influence 
be exerted upon the different ehenucal operations. There will also result 
a le.ss yield and an inferior quality of alcohol. The treatment respecting 
the barley, to be used in the production of the malt lor saccharification 
and in the prc])aration of the yeast cidtures, .should be jairticularly care¬ 
ful, otherwlw! the imj)urilics accompanying the barley will cause mouldi¬ 
ness during the malting, which will ])rcvcnt the be.st results from the 
distilh'ry. , 

The preparation of potatoes or other tubers requires the em])loynicnt 
of a washing at>paratus, while tla? grains are cleaned and .separated by 
the aid of “sorters ” or sieves. Some ])otato-washitig machines are sup¬ 
plied with it circular wire cage or barrel, into \vhi(!h the i)ot.aloc.s are fed 
for conducting them into the w.ashing-machint' propttr. 'Phis removes a 
Large amount <if adhering and extraneou,s dirt and foreign matters. In 
Fig. 1 is shown a ])otato-w,ashing machine and elevator a.s used in tho 
German industrial alcohol distilleries. The manipulation of this machine 
is clearly indicated by the ctit. It is .su))ijlied by power, using a fast-and- 
loose jndley. The capacity of this Genuan potato-washing machine and 
clev.ator i.s from 11)00 to 8000 kilograms per hour (from 2200 to 6600 
pounds). 

.After the potatoes have been thoroughly washed they arc conveyed, 
by means of the automatic elevator shown at tho right of Fig. 1, to a 
high-pressure mash-cooker and imishing ai>paratus. By this apparatus, 
which is shown in Fig. 2, page 20, the jiotatoes are converted into a 
condition of gelatinization which practically liquefies the starch. The 
liquor thus made is strained and ])as.sed through cooling-pipes to the 
fermenting-vats, where it is fermented for about thirty hours, and 
is then conveyed to a ])atent still. Potatoes in Germany contain 
20 per cent of starch on an average, and are therefore better for a 
source of alcohol than the potatoes in this country, which contain on 
an avenigc about 17.5 per cent of starch, iis is shown by the table on 
page 28. In using sweet potatoes, their i)rei)aration for fermentation 
purposes can lx; accomplished in the manner as given lor white potatoes, 
or in tropical climates the conversion of the starch into glucose is 
effected by hydrolyzing with .sulphuric or hydrochloric acid, the reaction 
btung complete when no further test for starch is given by the iodine 
test. By this method (Gustav Wassmuss’) there are used about 5.5 kilos 
of 20 per cent hydrochloric acid for 100 kilos (220 pounds) starch in the 
form of potatoes, or tor 100 kilos sweet potatoes, containing 17 per cent 
starch, 0.935 kilo 20 per cent hydrochloric acid, or an equivalent amount 
of sulphuric acid. After cooling this mash is neutralized with soda and 



otato-washing Machine, ahowi 
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then manipulated, as with any other mash. The chemical changes 
brought about by this acid treatment are similar to those produced by 
malting (either floor or pneumatic malting) in grain. 

These m.ash-cookors have a capacity in the largest sizes of about 
6000 liters (1584 gallons), corresponding to a charge of 1300 kilograms 
(2860 pounds) of grains and of about 4000 kilograms (8800 pounds) of 
white or sweet potatoes. In the case of the grains the time for the 



Fig. 2.—High-pressure Mash-cooker and Mashing Apparatus. 


cooking and mashing is from 2 to 2i hours, while for potatoes only alxmt 
1 hour is required. This cooker can also be furnished with a power-stirrer. 
After the charge is cooked it is forced, under steam-pressure from the 
cooker, into the power-maccrator shown at the left of Fig. 2-, where 
it is cooled to the requisite temperature for the mash. 

As alrcaily intimated, the raw' materials must first undergo a pre¬ 
liminary treatment before fermentation is practicable. Where cane- 
sugar molasses is used it is first diluted with about 3 parts of water. 
Such molasses usually has a density of about 41.5“ Beaum4 and weighs 
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about 11.75 pounds to the gallon. It is a base molasses, generally called 
“black-strap,” and is supposed to contain a total of 50 per cent sugars, 
sucrose and invert. The diluted molasses Ls best treated by steam to 
destroy some of the germs present, after which it is cooled and the yeast 



for the fermentation is added. The use of beet-sugar molasses is prac¬ 
tically analogous to that of cane-sugar molasses for the manufacture of 
alcohol, and the preparatory treatment is therefore quite similar, except 
that the reaction must be adjusted to a faintly acid one. In the prep- 
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arat ion of whole sugar-beets abroad for fermentation it has been found 
most advantageous to express the juice by a roller-press and to ferment 
it. If grains or com are employed, it is finely ground in a mill of the 
type shown in Fig. 3, and is then treated with hot water and steam, 
under pressure, in a special apparatus, to gelatinize and liquefy the 
starch. The treatment of this liquefied starch, after cooling, with malt. 



Fig. 1. —drain-sorter or Power-sieve; runs by power as well as by hand. 

Ruill by Vennuletb & Ellenberger, Darmstadt, Germany. 

completes the tramsformation to sugar. It may be mentioned that two 
important points of advantage result from such grinding; 1. A greater 
speed of conversion; 2. More thorough conversion. 

In the use of corn about 15%-20% solids is used, that is, a mixture 
of corn and water in the cooker is so prepared, and then the steam blown 
in for the cooking. In describing the grinding-mill shown in Fig. 3, it 
may be said that such mills are made in four sizes: 7X 14-inch rolls, 
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capacity 30-45 bushels per hour; 7 X 18-inch rolls, cap. 40-60 bu. 
per hour; 9 X 18-inch rolls, cap. 50-75 bu. per hour; and 9X 24-inch 
rolls, cap. 65-100 bu. per hour. This Ls the most modern grinding- 
machine now in use in distilleries. 

Referring to the prclimin.ary treatment of the grains for fermentation 
purposes, mentioned on pages 17-18, for the purpose of cleansing them 



Fig. 5.--Steel Mash-tub. Built by Hoffman-Ahlers Co., Cincinnati, Ohio. 

from adhering dirt and foreign substances by means of a power-sieve 
or “sorter,” attention is called to the kind of machine which is used, 
as shown in Fig. 4, page 22. 

For the purpose of preparing raw materials for fermentation by 
mashing, a steel mash-tub is sometimes used and is .shown in Fig. 5. This 
type of cooker is preferred by most whiskey distillers, as it is an open 
mash-tub, and lower temperature is obtained than in some other forms 
of mash-cookers, the claim being that extremely high temperatures of 
other kinds of cookers injure the flavor of the whiskey. In making 
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alcohol for denatured alcohol, however, the question of flavor is eliminated 
and the higher temperature suitable for laigcr yields can be employed. 
These steel mash-tubs are made in any size from 6 ft. in diameter to 20 
ft., and are supplied with a perforated steam inlet-pipe for heating, and 



Fig. 7.—Cooker Tliermometer and Pressure-scale. 


with copper cooling-coils and a power-rake to keep the mash uniformly 
stirred. 

Another type of mashing apparatus is that shown in Fig. 6, page 24, 
the vacuum mash-cooker. This type is not used by breweries, but by 
alcohol distillers, and a better yield is produced by using these cylin¬ 
drical cookers, which are made to stand a pressure of 100 pounds, the 
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mash bcinR tlius heated to about 312° F., thereby producing a better 
conversion and larger yield of alcohol than is the case by using the open 
mash-tub, where it is not possible to get over 212° F. The cooling 
is effected by means of a vacuum pump, which draws off the hot 
vapors and cools the mash to the projier temperature in not more 
than twenty minutes. The.sc cookers are made in sizes ranging from 
50 bushels to 250 bushels each, and are supplied with a revolving 



Fia. 8.—Vacmim Maisli-cooker and rump; Small nialn-ma.slier; Double Pipe-cooler 
for M.ash and Slop; Drop-tub and Hopper-scales. Built by The Vulcan Copper 
\Vorks Co., Cincinnati, Ohio. ' 


power-rake, the steam being introduced by means of a number of small 
inlets in the bottom by a steam manifold pipe. 

In order to control the temperature in these mash-cookers which we 
have just descrilied, a thermometer is used of the type shown in the 
accompanying Fig. 7. The thermometer is jjermanently fitted in the 
mash apparatus, the screw-thread fastening it, while the glass bulb 
containing the mercury passes through the side of the vessel and is 
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exposed to the temperatures of the hot vapors during the cooking. As 
of further interest in the matter of the cooking of the mash and the 
details of manipulation of the same, an ap])aratus for this purjwse made 
by The Vulcan Copper Works Co., of Cincinnati, Ohio, Ls shown in 
Fig. 8, page 26. This is called the vacuum mtish-cooker and pump, and 
consists of a small grain-masher, a double pipe-cooler for mash and 
sloj), a drop-tub and hopper-scales. In e.\planation of this cut it may 
be stated that this is the equipment necessary for the “mashing ” 
department of a modern distillery. The large boiler-shaped apparatus 
on the first floor represents the vacuum-cooker, for cooking the mash 
in its preparation for the fermenting-tubs. 

The tank containing the rake, on the floor above, is for preparing 
the “small grain,” ready for its conveyiince into the cooker, at the 
l)roi)er time, with the meal that has gone through the cooking jirocess. 
Hopper-scales for weighing the meal are shown on the third floor. 
After the mash h.as been properly cooked and partially cooled, it is 
conveyed to the “droiHub,”from which it is i)um|)ed through the 
double pipe-cooler to the left of the wall to the fermenting-vats. The 
yeaiit is next added, fermentation takes ))lacc, and the 
fermented liciuor, or “beer,” is in readiness for distilla¬ 
tion through the continuous still, to bo described in 
Chapter HI. In the cut an end view only of the double 
pi p(--coolcr is shown. The lengi 1 1 and height is governed 
by the amount of mash to be cooled in a given time, and 
varies from ,51)0 feet to ,5t)00 feet in length. 

The mash is pumped thr<jugh a 3-inch copper tube, 
which is enclo.sed in a .5-inch iron tulje. While the hot 
mash is being pumped tlirough the copper tube in one 
direction, cold water is circulating in the opposite 
direction. The mash imparts its heat to the water, 
while the water is cooling the mash to the proper tem¬ 
perature for the fennenting-vats. Fig. 9 represents a 
floating thermometer, used for taking the temperature 
of the mash. The water heated by such cooling of the 
hot-mash liquor can be utilized to save fuel, in the Fio. 9.—Floating 
cooking of additional mash and other purposes. Thermometer. 

The Composition of the Raw Materials Used.*— We give on page 
28 a table showing the average composition of the various raw materials 
we have considered for the manufacture of alcohol. 



• See Bulletimi U. S. Dept, of Agric. 9,45, 58. 
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Table Furnished by the United States Department of Aoricultdre, Boreao 
OF CHEjaisTRY, Washington, D. C. 



Corn. 

Uye. 

Barley. 

White 

Potatoes. 

Sweet 

Potatoes. 

Moiaeses 

(Beet). 

MolaHses 

(Cane). 

Water. 

9.:i 

S.9 

0 5 

70.5 

69.0 

19.3 

20 

Ash. 

I..5 

2.1 

2.9 

0.9 

1.1 

11.7 

6 

Protein. 

10.7 

11.0 

11..5 

2.1 

2.1 

— 

— 

Fat. 

.5.,5 

l.S 

2 7 

_ 

1.0 

— 

— 

Fibn*. 1 

1.4 

1.5 

3.8 

0.7 

2.0 

— 

— 


0..5 

7.0 

7.2 



_ 

_ 





SuEar.s,« ' 

SuKars, 







Cane atitj 

Cune and 







Invert 

Invert 

Sugars. 

2.2 

7.0 

7.0 

— 

0.0 

49 7 

00 

Stan’Ji. 

1 



f 17.5 

17.1 

Non- 

Non- 

and 

log 9 

,58.0 

.58.4 

1 

i 


On^anie 

RUKare, 

()rgaiiic 





1 


Substances 

Substances 

Nitnigen-froe extract. 

1 



'( 2 3 

1 1 

1 

19 3 

14 0 


Ill tlic above table the figures given under Nitrogen-free extiait 
repre.sent, beside tlie stareh, the amounts of gum, resins, ete., but 
as these arc not jircsent in any appreciafile quantity in cereals, the 
Nitrogen-free-extract figures may practically be taken as .starch. 

Although the content of starch in rice is extremely high, something 
like 76 per cent, it may be stated that rice is at present too expensive a 
material for the making of alcohol in this country. The cost of rice, 
therefore, prohibits its consideration as a competing material with 
corn, notwithstanding the considerable excess of its starch content over 
that of corn. 

Malting.—Malt is the name given to barley (or other grain) which has 
been moistened, kept at a moderate warmth, and thus allowed to ger¬ 
minate under artificial conditions, with the result that the acnispirc and 
rootlets develop, the cells produce a large amount of diastase, and the 
starch is thereby changed to maltose. There appear to be two well-marked 
periods of diastase secretion, one occurring on about the second day of 
growth, the other somewhat later. The most rapid action takes place 
with malt which has reached the second period, which may be in from 
three to eight days. Further growth of the grain is stopped by heat, 
but care is taken not to heat strongly enough to destroy the enzyme 
itself. The product thus prepared may retain its power of saccharifica¬ 
tion for a long time, and is therefore of great use in bringing about the 
conversion of the soluble starch to sugar. 

In order to prepare the malt for the conversion process just described 
it is first crushed through a machine shown in Fig. 10 on page 29, This 
machine lias a capacity up to 2000 kilograms (4400 pounds) of malt 
per hour. 
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After crushing, the malt is best treated with water in a special macer¬ 
ating machine. This produces a fluid of milk-like consistency in which 
the diastase is largely dissolved in consequence of the extremely fine state 
of division. Under these conditions the saccharifying power of the 
diastase Is very largely increased. This apparatus is therefore of much 
importance in large modern alcohol distilleries on account of the service 
ii can render and the economy it can effect. 

As staged, the ordinary raw materials for the preparation of alcohol 



are the grains and such other vegetable products as contain a large amount 
of stored-up starch or sugar, or some substance which can be readily con¬ 
verted into sugar. Most important of the raw materials are com, rye, 
barley, rice, white potatoes, sweet potatoes, sugar-beets, and cane- 
molasses; wheat is not widely used for this purpose and beet-molasses 
is largely used as an ingredient for cattle feed. 

The very high percentage of starch which can be readily converted 
to fermentable sugar, together with the keeping qualities and case of 
transportation, make the grains the most important sources of alcohol, 
although there are many facts which show conclusively the high value 
of the other raw materials mentioned. 
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The next proces.s in the manufacture of alcohol is 
. The Fermentation.—Fermentation is the name commonly applied to 
certain physioloRical chemical processes in which a transformation of an 
organic substance is effected thn)ugh the tigency of micro-organisms. 
Hcfore considering the fermentation we call attention to a modern 
fermonting-lious(! as designed by George Stiide, of Berlin, Germany. It 
will be seen that the design permits of the filtration of the air, which is 
a matter of great lulvantoge and importance, as by this .simi)lij expedient 
much greater freedom from foreign germs hurtful to the process of 



Fig. 11.—Modern Fcrmonting-liou.se as planned by .Stade. 


fermentation is assured. Strict cleanliness in c.arrying out the fermen¬ 
tation ])rocessea is absolutely nece,ssary. 

On page 31 we show a modern ferment ing-house as designed by The 
Yulcan Cojiper Works Co., of Cincinnati, Ohio. The cut shows the de¬ 
tails and the pijies for conveying the mash and the yeast. (See Fig. 12.) 

In continuation of the description of the fermenting-hou.se shown in 
I'ig. 12, it may be stated that the combination of apparatus here 
presented represents a practical working arrangement of the yeasting 
and Jermentivg applianccK for a grain or molasses distillery. Malt and 
rye meal which is supiilied in proper proportions from the. meal floor 
above is conducted into the tubs through the meal-spouts attached to 
a movable hopper-truck. This meal is “mashed” or mixed with water 
at a certain temperature. It stands for a fixed period, during which a 
lactic-acid souring takes place, which souring is needed for effective yeast 
production, as will lie explained under control of the yeast. The mash 


Fig. 12.—Fermenting-house. Designed by The Vulcan Copper AVorks Co. 
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is then reduced in temperature by means of cooling water circulating 
through the coils and by stirring. The yeast in the dona or culture 
tub, which has been previously built up from a mother-yeast, is now 
added to the mash in the yeast-tub.s. During the following ten- or 
twelve-hour jieriod the entire mass becomes im])regnated with yeast- 
cells, and is at a proper time conducted into the fermenting-vats. The 
fermentation period requires ordinarily seventy-two hours, at the end 
cf which the product now technically known as “beer” Is emptied into 
the beer-well. ]'’rom the beer-well the beer or alcoholic liquor is 
pumped to the distilling apparatus, where the distilling 0 |)eration begins. 

As before stated, fermentation is the name commonly applied to cer¬ 
tain physiological chemical j)rocesse.s in which a transformation of an 
organic sub,stance i.s effected through the agency of micro-organisms. 

The most familiar example of such a chemical change is the one by 
which sugars are split into alcohol and carbon dioxide, as in the manu¬ 
facture of cider, wine, or beer, hence the term fermentation is frequently 
but erroneously limited to this process. ^ 

It is now recognized, however, that this is only one of a large number 
of such possible changes, others equally familiar being the souring of 
milk and the turning from cider or wine to vinegar. These different 
kinds of fermentations vary as the substances acted ui)on and the organ¬ 
ism causing the change vary. It may be stated, however, that each kind 
of change has its .specific organism or race of organisms which can excite 
the fermentation. Of course, many organisms differing but slightly 
in character may give rise to fermentation essentially alike. 

The carbohydrates are the organic materials yielding the largest 
amount of definite products, hence, according to some writers, carbo¬ 
hydrates only are recognized as materials for fermentation jrroceases. 
There seems to the author no reason for such a limitation, however, 
inasmuch as the mechanism of the process is probably essentially similar 
in all clas.ses of organic matter affected. Hence he would define far- 
menlatim as the change induced in organic matter through the agency, 
direct or indirect, of micro-organisms or their enzymes. 

The ferraenting-vats used vary in size according to circumstances. 
In Fig. 13, page 33, is shown the largest fermenting-vat in the world, 
built by Geo. Stade, Berlin, Germany, for a spirit and rum refinery in 
Mexico. The capacity of this vat is stated to be 54,000 gallons. 

In this country the fermenting-vats are made in capacities ranging 
from 25 bushels to 1000 bushels, figuring 45 gallons of mash to each 
bushel. In Fig. 14, page 34, is shown the improved manner of 
operating the valve in the bottom, which discharges the mash. 



Fig. 13—Largest Fermenting-vat in the World. Capacity, .54,000 Gallons. 
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Theoretical versus Practical Yields of Alcohol.—In the manufacture 
of alcohol a knowledge of the theoretical yield is of great importance. 



The formation of alcohol depends, as has already been hinted, on 
the power of yeast to decompose sugars. The monosaecharids or sugars 

















34 


DENATURED OR INDUSTRIAL ALCOHOL. 


having the general formula CeHijOe are most readily broken up, the 
characteristic chemical equation being CcHi20o=2C2H60H+2C02. It 

180 92 88 

is thus evident that almost exactly one half the sugar should be trans¬ 
formed into alcohol while the rest is evolved as carbon-dioxide gas. 
Among the monosaccharids are included dextrose and levulose. Next 
to the monosiiccharids the disaccliarids or C 12 H 22 OU sugars are most 



Fig. 14.—Fermenting-vat witli Improved Valve. Ruilt by Hoffman-Ahlers Co. 

readily fermentable. Of those maltose and cane-sugar arc the most 
important. The more comjjlex carbohydrates, poly.saccharids, are fer¬ 
mentable only when they have first undergone hydrolysis, which con¬ 
verts them into sugars of the simpler types. This conversion may be 
brought about by the action of acids, esj)ecially mineral acids, or by cer¬ 
tain substances, onz 3 ’mcs, the so-called soluble ferments, secreted by 
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living cells, which bring about a similar transformation as in malting. 
The latter method is the better for spirit production. The conversion 
of starch to soluble starch may also be brought about by use of steam 
under pressure, and the process of transforming starch to sugar prac¬ 
tically may thereby be much simplified. For this purpose a tempera¬ 
ture of 145°-160° C. is employed. The starch thus acted upon is readily 
changed to the fermentable sugar by malt. 

This process of hydrolysis is by no means as simple as would appear 
from the statement just made, but involves very deep-seated chemical 
changes, in which the starch is transformed through a series of steps 
into products partaking more and more strongly of the qualities of sugar 
as the action goes on. These intemiediate bodies may be numerous. 
A few of them are characterized by fairly definite chemical reactions, 
and so may be recognized. The general name dexlrins or malto-dex- 
triiiH is given to them. These intermediate products arc formed and 
then still further split up by the enzymes, so that in the proce.ss of malt¬ 
ing, a process essentially that of germination, the starch is gradually 
changed to the sugar maltose. During gennination much more of the 
enzymes causing the conversion is secreted by the cells than is actually 
required U' convert the starch, so that ordinary malt always contains 
an e.xcess of enzyme which is ready to reiict upon more starch. This 
fact is made use of in fermentation industries, when starchy materials 
such as corn-flakes arc added to the mash. 

Theoretical versus Practical Yields of Alcohol.—To determine the 
approximate amount of alcohol which may be obtained from a given 
weight of starch it is then necessary to consider the hydrolytic change 
as well as the fermentation one. 

Regarding the formula of starch as CgllioOs, which is actually far 
too simple, tiiC change to sugar may be expressed as follows: 


C(iH 1 nO.'i -t-H20=CeHi aOa. 

72+10+SO 18 ISO 

102 


That is, in the conversion, the starch takes up one ninth its own 
weight of water or nine tons of search would make ten tons of ferment¬ 
able sugar. Applying now our first equation 

Cf,H, aOfi =2C02+2C2H5OH 
ISO 88 92 

ISO : 92 :; 10 : x=5.111 


or nine tons of starch would theoretically give a little more than five 
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(5.111) tons of alcohol, hence 66.78% by weight of absolute alcohol is 
the theoretical yield from starch. 

The theoretical yield which may be computed in this way is, how¬ 
ever, never obtained in practice, because of the losses duo to evaporation 
and to imperfect fermentation. It should be possible, however, to get 
90% of the theoretical yield, and this is constantly done in well-managed 
whi.skey houses. 

This yield should certainly be possible then, when condi^ons can be 
made most .suitoble for yield, and where questions of fliivor, etc., do 
not have to be considered as in the case of denatured alcohol, .Allow¬ 
ing for a lo.sS of 10%, we liave practically neutralized the gain in weight 
through hydrolysis, and a fair means of estunating the possible yield 
in alcohol would be to regard it as 50% of the weight of the available 
starch. 

Jn case the raw material contains cane-sugar instead of starch, as 
in the k'c't-juice or molasses, a yield of 50% would luirdly be expected, 
as the gain in hydrolysis is only about half that when starch is used. 

This is shown by the two chemical equations involved by theory 
as follows: 

Cane-sujear. Invcrt-suRar. 

C12H22O11 -I-H2O = 2 C(;Hi 20 (;, 

3112 300 

and theoretically thcrcfoi'c 100 parts by weight of cane-sugar will give 
105.26 parts by weight of invert-sugars; and from 

Invert-sugar. Alcohol. Carbon Dioxide. 

CGHi20(i=2C2H50H + 2CO'), 

ISO 02 S8 

whereby we find that 180:92;; 105.26;* or 53.80, from which it is seen 
that 100 parts of cane-sugar by weight will give a theoretical yield of 
53.80 parts of alcohol by weight. If we assume 90% of the theoretical 
yield of alcohol in the case of sugar we should liavc a yield of about 
48.42 per cent, but in practice such yield usually averages about 45 per 
cent. 

The theoretical yields may be thus tabulated:* 

CeHijO,, dextrose, levulose, glucose, and grape-sugar* 51,11% absolute alcohol 

C,jH,jO,„ sucrose or cane-sugar, and maltose . 53.80% “ “ 

starch. 50.78% 


* See researches of Pasteur: Maercker’s Handbuch der Spiritusfabrikation, 1898; 
Macrcker-Delbruck's Handbuch der Spiritusfabrikation, 1903, 
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In case the raw material contains cane-sugar instead of starch, aa 
in beet-juice or molasses, however, no special process of hydrolysis 
needs to be introduced, as the yeast itself secretes an inverting fer¬ 
ment which will bring about the transformation. 

Theoretical versun Practical Yields o] Alcohol from Com.—In calcu¬ 
lating the theoretical yield of absolute alcohol from corn, the table 
given on page 28 Ls used. By this tiible it is seen that the average 
composition of corn shows a content of 2.2 of sugars and 62.9 of starch. 
The weight of a bushel of corn is ,56 pounds, and the calculation is given 
as follows: 

2.2% fiupar = 1.2.S2 lbs, Ptigar 
62.9% st an’h — 35.22‘1 U>p. plareh 

1.232X0.5380 (alcohol from sugar) — 0.6628 lbs. absolute alcohol 
35.224X0.5678 (alcoliol from starch) = 20.0000 " " 


1 bushel of corn yields by theory. . 20.6628 “ 


—5 U. S. proof gallons alcohol 
^2\ gallons absolute alcohol 
2.5X6.61 (weight 1 gallon ali.solute alcohol) =1().53 lbs. absolute alcohol 


Yield in practice from 1 bushel corn { 


16..W 

20 . 66 " 


=80% of the tiicoretical yield of absolute alcohol is obtained, in practice, from 


Theoretical versus Practical Yields of Alcohol from Rye, 

Rye, 56 pounds to a bushel 
7.6% sugar = 4.256 lbs. 

58.9% .starch = 32.98 lbs. 

4.25X0.538 (alcohol from sugar) = 0.2289 lbs, absolute alcohol 
32.98 X 0.5678 (alcohol from staroh) = 18.7300 “ “ 

18.9,589 “ “ « 

I bushel rye yields in practice 4.77 gallons IJ. S. proof spirits 

= 2.38 gallons 200 V. S. proof or absolute alcohol 
=2.38X6.61 = 15.73 lbs. absolute alcohol 

15 73 

jj-^=83% of the theoretical yield of absolute alcohol is obtained, in practice, 
from rye 

Rye is not used, however, for making industrial alcohol. This is 
'pnf account of its high price, about 68 cents per bushel, and the 
relatively small amount available for this purpose in comparison with 
com, molasses, or potatoes. According to the report of the Department 
of Agriculture for 1905 the crop of rye in the U. S. gave a total yield 
of 27,616,045 bushels. 

Theoretical versus Practical Yields of Alcohol from Cane Molasses .—If 
we take the base molasses, or black-strap as it is called, which is used 
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for making, alcohol, and which is largely obtained from the Southern 
States, Cuba, and Porto Rico, we find the average total sugar content 
is supposed to be 50 per cent, ranging from 32 to 38 per cent sucrose 
and 12 to 18 per cent of invert-sugars, or an average of ,35 per cent 
sucrose and 15 i)er cent of invert-sugars. Such molasses weighs, on 
an average, 11.75 pounds per gallon. The content per gallon on above 
figui'es will be 4.11 ix>und.s sucrose and 1.76 pounds of invert-sugars. 

4.11 Ills. sui'r<)s('X0.5;iS-= 2.21 lbs.absolute alcohol 
1.70 Ibf!. invert X.51.11 =0.899 “ “ “ 

Yi('l<l of absolute ak'obol per l.j ,, ,, ,, 

gallon of sucli mola.sses i 

The actual yield, in practice, is as high as 0.85 U. S. proof gallpn of 
alcohol per .such gallon of molasses, which yield is equal to 0.425 gallon 
absolute alcohol, and 0.425X< .61 =2.81 lbs. alcohol, divided by 3.1 
gives 90 per cent of the theorelictil yield obtained, in practice, from 
such nioksscs. 

Theoretical versus Practical Yields of Alcohol from Potatoes. —A bushel 
of potiitoes weighs about 60 pounds. In the last campaign in Ger¬ 
many the yield of alcohol was about one gallon of absolute alcohol to 
1.26 bushels of potatoes, or about 26.45 galloms per ton of 20(X) pounds. 

This represents 26.45X0.61 = 174.8 lbs. absolute alcohol per ton of 
2000 lbs. The average content of starch in the German jrotatoes is about 
20 per cent. One ton of potatoes, 2000 lbs. X 0.20 =4(X) lbs. starch and 
400X0.5078=227.12 lbs. absolute alcohol, by theory from a ton (2000 
lbs.), showing the actual yield to be about 77 per cent of the theoret¬ 
ical yield of absolute alcohol in the ca.se of German potatoes. 

Theoretical versus Practical Yields of Alcohol from Sxvcet Potatoes .— 
From the preceding table the per cent of sugar is sliowixto l)c 6 per cent, 
and starch 17 jicr cent, in the average sweet potatoc.s. (The table does 
not state whether this i.s the Sofithern sweet or the dryer, more Northern 
Virginia one.) A bushel of sweet potatoes weighs 54 pounds. 

6% of .54 lbs. =3.24 lbs. sugar 
17% of 54 lbs.=9.18 lbs. starch 

3.24 X 0..538() = 1.74 lbs. absolute alcohol 
9.18X0.5678=.5.21 “ .“ 

Yield from one bushel sweet potatoes--6.95 " “ “ 

Actual yield in practice from figures furnished by M. S. Durot, man¬ 
ager of a large sweet-potato distillery in Isle de Terceira, Azores, was 10 
to 12 liters absolute alcohol per 100 kilograms of sweet potatoes. 



THE MANUFACTURE OF ALCOHOL. 


39 


A liter = 1.056 United States quarts. 

A kilogram =2.20 lbs. avoirdupois. 

This mean yield=11.62 quarts of absolute alcohol from 220 lbs., 

11 62 

or ^ ■ X6.61 = 19.17 lbs., or from 54 lbs. (1 bushel) of sweet potatoes 

the actual yield of absolute alcohol is 4.70 lbs., or about 68 per cent of 
the theoretical yield. 

. Thcor«lical versus Practiml Yields of Alcohol from Sugar-heeis .—In 
this country sugar-beets are not used in the manufacture of alcohol. 
E. Ilourier’s Manuel de la Distillation, 1901,revised by Albert Larbal(5trier, 
gives the yield from 2000 kilograms of sugar-beets of 1 hectolitre of 90 
per cent alcohol (20.41 gallons), which is equal to about 157 lbs. of abso- 
lu^ alcohol. These beets were Silesian beets and contained from 10 to 
11 per cent of sugar. In 2000 kilograms (1 kilo =2.20 pounds?) there are 
4400 ])ounds, and 104 per cent of this =402 pounds of sugar, which by 
theory will yield 402 xO.538 =248 lbs. absolute alcohol. The actual yield 
157 

is therefore =about 04 per cent of the theoretical yield. 

Let us now further consider the micro-organisms or their enzymes. 

The Micro-organisms.^—The micro-organisms capable of bringing 
about such changes may he grouped iis three classes of lower fungi,— 
bacteria, yeasts, and moulds. Of these the bacteria occupy the lowest 
position, being in some respects tlie simplest, as indeed they are the 
smallest, plants known. They are characterized by their method of 
division by splitting or fission, their small size and lack of coloring matter, 
and to some extent by remarkable vitality and chemical energy under 
certain conditions. They attack not merely the carbohydrates, but 
proteids, and to some extent fats and other organic bodies. Frequently 
acids arc luoduced as a result of their action, especially upon carbo¬ 
hydrates. They do not ])roduce alcohol. 

The fermentation ])roducts from the proteids arc very variable, some 
of them, as the toxins of the pathogenic bacteria, being extremely poison¬ 
ous. Ethyl alcohol is rarely if ever produced, although some higher 
alcohols are developed in small amounts. 

The ycijsts and moulds belong to a somewhat more highly organized 
group of plants, but are also colorless. A strict classification of the 
“mould ” is difficult, since many organisms belonging to different botan¬ 
ical groups are here lumped together under a convenient name, but one 
really without taxonomic value. The moulds show great variability in 
form and in fermentation power, but comparatively few of them are of 
great practical importance. Some may be utilized to convert starch to- 
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sugar, as will bo mentioned later, and some may, under certain conditions, 
give rise to a more or less vigorous alcoholic fermentation. 

The organisms of special interest to the alcohol producer are the 
yeasls, or saccharamyccks, a sub-group of the ascomycetous fungi. Of 
these there arc many kinds which are imperfectly classified into species, 
varieties, and races. In addition to the yeasts certain other fungi have 
the power of bringing about alcoholic fermentation to a limited degree, 
but tlie yeasts are the most important alcohol producers. Yeast consists 
of small oval or rounded cells, reproducing by budding rather than direct 
fission, and forming spores under certain restricted conditions. Their 
most striking characteristic, however, is the power to attack sugars, 
es])ecially of the C 6 H 12 O 0 and ri 2 n 220 ii types, and split them into 
alcohol and carbon dioxide. Upon this property the industries involving 
alcoholic fermimtation depend. These are therefore the organisms of 
chief importance in this work. 

While the jihenomenon w'hieh we call fermentation has been known 
for hundreds of years, it is only within the la.st century that definite 
knowledge regarding it has been gained. As yeast is a microscopic 
organism its study was dependent upon the development of the micro¬ 
scope, and although some of the earlier microscopists may have seen 
yeast, it was not until the instrument h^ reached a fairly high state of 
perfection that the organism was systematically studied. 

In 1822 Persoon gave to yeast the systematichiame mycoderraa. In 
1837 Kiitzing elaborated a theory of fermentation which was essentially 
correct, inasmuch as he assumed the yeast to be the cause of the fer¬ 
mentation rather than merely a product. The organism was regarded 
as a plant at about this time by Cagniard Latour, Schwann, and Meyen, 
as well as by Kiitzing, and it is to Meyen that we are indebted for the 
botanical name Saceharomyces, which has ever since been retained. 

In the early forties important contributions to the chemistry and 
biology of yeast were made by Mitscherlich, as he doubtless was the first 
to observe that yeast secretes invertin, and he also made observations on 
the development of the cells by budding and the multiplication of yeast. 

The controversy as to spontaneous generation kept the knowledge 
^of these .subjects in check for many years, but the real relation of yeast, 
as a .specific ferment to the alcoholic fermentation, was again made 
evident from the remarkable work of Pasteur as outlined in his “ Studies 
on Beer and Studies on Wine.” 

These Studies, no doubt, supplied the impetus which led Hansen to 
his investigation, which culminated in the Hansen methods of pure yeast 
cultivation and their application to practical fermentation. Of the latter 
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work mention need be made only of E. Buchner, who was the first to 
demonstrate that by crushing yeast-cells and submitting them to high 
pressure an extract may be obtained which is capable of fermenting 
sugar to alcohol and carbon dioxijle as a result of the intracellular enzymes 
which are thus liberated. 

The manner in which yeast brings about the decomposition of the 
sugar has been a subject of much study and speculation for many years. 
One of the early theories sui)po.sed that the sugar was actually taken in 
as food by the yeast, and the alcohol and carbon dioxide excreted as 
waste products. Liebig held that the sugar was mechanically decom¬ 
posed as a result*of molecular motion, and that the yeast was not an 
exciting cause, but rather a product of the change. This view was somc- 
wl^it modified in his later years, but he never accepted the true physio- 
lojical explanation of the phenomenon. 

Pasteur at one time held the opinion that fermentation is life without 
air, and that the activity of the yeast in decomposing sugar was due to 
its shattering the molecules of sugar in order to obtain the o.xygen. That 
this theory was erroneous I’iisteur himself later proved. 

Traube, in 1858, expiained fermentation as due not to the yeast-cell 
itself but to certain substances elaborated or secreted by the cells— 
the enzymes —which act like digestive juices upon the sugar and break 
it into the simpler molecules of alcohol and carbon dioxide. This theory, 
though long rejected, has in recent years been shown to be correct, and 
at the presuit time it is believed that all fermentation processes are the 
results of enzyme action. 

This merely introduces an intermediary between the organism and 
the change, for only lieing cells are capable of producing the enzymes 
which thus rcv'ict upon the sugar. However if we have actively de¬ 
veloping and vigorous yeast-cells it is jiossible, as Buchner has shown, 
to obtain the enzymes in solution capable of bringing about the change 
even it the organic cells themselves arc not pre.sent. Such solutions of 
the enzymes are obtained generally by crushing the cells and subjecting 
them to heavy pressure, when the liquid containing the enzymes may 
be recovered as a yellowish opalescent solution of strong fermenting 
power. 

The fact that the enzymes can be obtained only by breaking the 
cells seems to indicate that fermentation as carried on in the usual way 
is an intracellular process, and that the enzyme zymase differs from 
' most other enzymes in its inability to permeate the walls of the cell and 
thus get into the sugar solution. 

The yeasts present a number of different types or “species,” most im- 
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portant of which we may group into beer yeasts, those which are em¬ 
ployed in the beer- or ale-brewing industries and generally regarded as 

of species Saccliaromyces cerevisiae, the 
wine yeasts occurring in nature on the 
skins of fruits and of use in wine-mak¬ 
ing. S. ellipsoideus is the name given 
to them. Distillery yca.sts are not so 



Fw. 1.5.-Shows Sprouting Yeast- P^tnounced in type as the, foregoing, 
cells (SmThiromyrc .1 cnemsm). (a, but cullure yeiists generally of the S. 
after I.iirssen; b, alter Hansen.) ... 

cerevisia- type. 

Use of Moulds in Saccharification.—Many nitmlds, especially those 
belonging to the Mucorete, secrete diastatic enzymes in abundance, and 
can therefore bring about readily tht; transformation of starch to sugar. 
This jtropttrty was first commented upon by (.ia.von and Dubourg in 
1880, who studied Miwor circmcllnidra, and found tliat this power is not 
possessed liy the normal mycelium, but only when the fungus is develop¬ 
ing in aggregations of gemm.Te, or buds. Since this time numerous obser¬ 
vations have been made by Calmette, Eijkmann, and Wehmer. 

“Cliinese yeast” owes its activity to the condjined action of the 
mucors, which bring about saccharification, and yrsist.s which ferment 
the sugar thus formed. Suggestions to utilize these fungi in spirit manu- 
facturi' have been made by .some authors. As a result, the .so-called 
amylomyces process has been developed, a process which depends on 
the .saccharification of the starcli by the mould, other micro-organisms 
having be<>n eliminated by sterilization. During this part of the process 
germ-free air is forced into the mash, and the material is thoroughly 
mi.ved by mechanical agitators. When thoroughly converted the air- 
supply is cut off, yeast added, and the alcoholic fermentation proceeds 
rapidly. 

Some alcohol is formed by the action of the moulds during .the sacchari¬ 
fying process. The details of procedure differ sorncwliat in different 
works. At Seclin, near Lille, the process has been in operation for several 
years. Corn, the material employed, i.s mixed with twice its’weight of 
water and steamed for three hours under a pressure of 3.1 to 4 atmospheres, 
then mixed in a mashing-tank with a weight of green malt equivalent to 
1% of the weight of the corn used and .sufficient cold water to reduce the 
temperature to 70° C. After thorough mixture by an hour’s .stirring the 
whole mass is transferred to an autoclave, sterilized at 120° C., and then 
forced into a closed cylindrical metal fermenting-tun. The steam is 
then shut off and sterilized air i.s forced into the tank so as to keep the 
mash under pressure during the cooling, which is effected by cold water 
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flowing down over the outside of the tank. When cooled to about 38° C. 
a pure culture of spore-bearing Amylomyces is introduced and the mash 
kept in motion by a stirrer, air being gently forced in at the same time. 
During the next twenty-four hours the development of the fungus pro¬ 
ceeds rapidly and is aeeonipanied and followed by a strong converting 
action. A small amount of pure culture yeast is then added and a 
period of twenty-four hours is allowed for its increase. At the end of 
this time the air-supply is cut off and both species of organisms work 
together during the next three days. 

A jratent on a similar process, but in which the addition of 
yeast was omitted, the moulds doing all the work, was taken out in 
1898. 

'I'his proces.s has been employed in a simpler form at Antwerp. In 
this case the mash, after mixing with malt, is run directly into the fer- 
menting-tun, where it is Iwiled a short time by steam, then cooled and 
aerated, and then inoculated with Amylomyces. When the mash no 
longer gives a starcli reaction with iodine the yeast is added. 

It is claimed for tire Amylomyces process that it gives increased 
yields of alcohol over the other methods. At Seclin a yield of 66.2 liters 
(,f alrsolut'- alcohol for each 100 kilos of starch is reported. No data 
an^ at hand to determine if this increased output is balanced by increased 
expense in oi)eration. The question is still receiving much study espe¬ 
cially b> European investigators. 

The Fermentation Period.—The time required to bring about com¬ 
plete fermentation of sugar to alcohol and carbon dioxide is greatly 
dependent upon the temperature, since a change of a few degrees in the 
temperature range may make an enormous difference in the rate of 
activity ol the yea.st. 

Owing to the law in this country preventing the recharging of fer¬ 
menting-vats in distilleries oftener tlian once in seventy-two hours it has 
sometimes been supixrsed that this length of time was necc-ssary to 
bring about the change. With temperature’s approaching the optimum 
for yeast, however, this is not the case. While a fermentation carried 
on with a temperature of lS°-22° C. might reejuire seventy-two hours 
for complete splitting of the .sugar, at higher temperatures the time 
may be much shortened, an<l with a vigorous race of yeast thirty-six. 
hours at 26°-27°, or even less than this' time might suffice. It is even 
probable that twenty-four hours with proper temperature and other 
conditions might be most economical. 

Wild and “ Disease” Yeasts.—WTld and “disease” yeasts are those 
occurring in nature without cultivation and capable sometimes of pro- 
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ducing bad fermentation, hence the application of the term “disease.’* 
For classification see Klocher’s admirable work on Fermentation 
Organisms. 

In the preparation of spirits the character of the yeast is in .many 
ways not as im])orlant a.s in brewing or wine-making, since in these proc¬ 
esses the development of flavor, turbidity, etc., are of importance, and 
the yeast may have a strong bearing on these matters. For fermentations 
in the preparation of denatured alcohol, the desired yeast is one which 
ferments vigorously and quickly, and will maintain these qualities under 
conditions not rigidly fixed and for many generations. Numerous races 
of distillery yeast have been developed by the different laboratories, 
stations, and spirit establishments. 


THE CONTROL OF THE FERMENTATION OPERATIONS. 

(a) The Control of the Yeast.—One of the most im]X)rtant factors 
contributing to a successful fermentation, and hence the largest yield of 
alcohol in the manufiicturc of denatured alcohol, is a suitable and 
properly dcvelo))ed yeast culture. Different races of yeast differ 
widely in their ability to attack different kinds of materials, and 
a yeast that will fennent a grain miush with rapidity and a high 
yield in alcohol may give quite unfavorable results when used with 
molasses. 

Having obtained a good culUire, however, the question arises as to 
how it may bo kept in good condition and propagated for successive 
fermentations. 

In mo.st distillery operations no attempt is made to keep the yeast 
a pure culture in the technical sense, but the fennentation is started by 
introducing into the projuired mash a certain amount of the yeast from 
a previous fermentation. This must bo in active condition for good 
results. This method has the merit of being easy to apply, and so long 
as the yca.st does not become badly contaminated by other organisms it 
gives satisfactory results. If, however, bacteria or other fungi gain the 
upper hand, it may be nece,ssary to build up a culture afresli, starting 
with a single cell, such a yeast being prepared in a separate room, in a 
perfectly cleanly manner, so as to avoid as far as possible the presence of 
dust laden with germs, or to use some other method, such as washing the 
yeast with an antiseptic solution or heating to a low pasteurizing tem¬ 
perature for a few minutes. The latter methods cannot be recommended 
without reservation, as the yeast itself may be seriously damaged unless 
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great care is taken and one knows exactly how much the yeast can 
stand. 

The method of preparing a pure yeast from a single cell is a long 
and somewhat painstaking process. A description of it may be found 
in the various books on fermentation organisms. It has the advantage 
that the culture thus prepared is free from invading organisms, but is, 
of course, practically useless unless the material to be fermented is sterile. 
For ordinary fermentation operations the extra care and apparatus in¬ 
volved probably are not repaid by a markedly higher yield. 

Effront has perfected a pn)cess in which fluorides, which have a strong 
germicidal action on bacteria, but are not harmful to the yeast, are intro¬ 
duced. This method has given good results in European practice, but 
has not been of sufficient advantage in this country to warrant its intro¬ 
duction on a large .scale. Abroiul it is possible to buy pure yeast cultures 
at the government stations where it is prepared, but in this country it 
is customary for the distiller to prepare his own yeast, and for this pur¬ 
pose the so-called jug-yeast method is employed. 

The introduction of a small amount of lactic acid, either by produc. 
ing it in the mash by ferment.ation or by the addition of the prepared 
acid, has also been used with good success, and probably because of the 
selective antise|)tic action of the acid. 

(b) The Estimation of the Fermentable Matter.—In moat fermen¬ 
tation oi)erations the ])ercentage of sugar, or fermentable material, is 
determined not by the polariscope, but by a form of hydn)meter known 
as the saccharometer. Like other hydrometers, its use depends on the 
fact that the greater the .specific gravity of a liquid the more buoyant 
force it exerts upon solid bodies thrust into it. The saccharometer con¬ 
sists of a spindle with elongated bulb, weighted at one end by means of 
mercury and provided with a stem or slender, graduated shaft on which 
a scale is made. The Balling hydrometer is provided with a thermometer- 
bulb, which gives the tempcraturc-(;orrection scale at once. When 
plunged into a solution it maintains an upright position, and sinks to a 
greater or less depth, according to the demsity of the solution. In taking 
readings, the level of the liquid, i.o., the bottom of the meniscus, is the 
mark which should be noted rather than the slightly raised line on the 
stem, due to capillary attraction. As the thermometer-bulb gives the 
temperature correction at once, no table is required for making correc¬ 
tions. Based on the results obtained in this way, we have instruments 
known as hydrometers, which give direct readings, and which are un¬ 
doubtedly accurate enoi^h for practical work. These are of many kinds, 
according to the use to which they are to be put, but all are alike in 
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theory, depending on the fact that, as liquids vary in density,, their 
power to support or buoy up solids also varies. The practical value 
cf the hydrometer depends on the fact that it displaces 
exactly its own weight of liquid, so that the depth 
to which the instrument sinks in the liquid is a measure 
of its density. As hydrometers are usually made with 
a weight at one end and a slender, griwJuated tube at 
the other, they maintain an upright position in the 
liquid, anil may give very accurate reiwlings IT carefully 
constructed. Hydrometers are usually employed in 
fermentation work in iirefcrcnie to the pycnonuter. 
iSeveral tyj)cs of saccharometer have been devised, but 
that in common use in this country was introduced 
by Balling in 1833, and has undergone but little change 
since that time. This is shown in Big. 16. It indicates 
aiquoximately the ])orceiitage of dry extract in a mash 
liquor, or wort, that is, if the saccharometer sinks to 
the 1.6° mark it shyws that the solution contains 15 
])ounda of dry extract of malt in 100 pounds of wort. 
In iiure water, at 17,5° C, (14° R., the stand.ard tem- 
jicrature for the instrument) it should sink to 0. The 
Balling hydrometer is actually standardized by use of 
^ cani'-sugar solutions, since these can be jireiiared more 
F:a 1() — 'I'iicaccurately, and dilTcr from malt extract 
Balling Ilydroin- oidy to a negligible extent. If solutions warmer than 
14° R. are used, the indication is too low, because of the 
less density of the liquid and vice versa. These variations being con¬ 
stant for constant temperature variations, the instrument is generally 
provided with a table of correction.s for other temiwratures than 14° 
R., so that the trouble of bringing to this point may bo avoided. 
In order to give accurate reailings the saccharometer must be handled 
with care, kept perfectly clean, and lowered into the solution to be 
tested, and the solution should })C free from foam or gas. Kaiser’s sac- 
charometer is ba.sed upon exactly the same data, but differs in the 
manner of making the scale. The, table on page 47 gives the relation 
between specific gravity and per cent extract by Balling. 

Bor specific gravities between those here given, the Balling reading 
may lie estimated by interpolation, or recourse may be had to the com¬ 
plete table as found in w'orks on hydrometric measurements. Another 
form of hydrometer is that of Brix, w'hieh is so arranged that if floated 
in a watery solution of sugar its scale directly indicates the percentage 
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of sugar present in such solution. Correction has to be made in accord¬ 
ance with the temperature as indicated by the tables furnished with 
this instrument. 


Table Showing the Relation between Specific GnAvrry and Per Cent 
Extract by Balling. 


Sp«citic 

Gravity. 

Per Cent BuUints. 

Specific 

Gravity. 

-—, 

Per Cent BsUiDg. 

1.000 

0 000 

1.009 

2.250 

1.001 

0 2.50 

1.010 


1 002 

0.500 

1 020 


1 003 

0.7.50 

1.030 

7,463 

1.004 

1.000 

1 040 

9.901 

1.005 

1.250 

1.0.50 

12 285 

1 000 

1.500 

1.000 

14 066 

1 007 

1.7.50 

1.070 

17 000 

1,008 

2 000 

1 080 

19 272 


(c) The Estimation of the Yield in Alcohol from the Fermented 
Mash.—To determine the amount of alcohol in a mixture of alcohol 
and water, another kind of hydrometer known as the Tralles alcoholom¬ 
eter is used. It gives distinct readings of the jiercentage of absolute 
alcohol, by volume, in the solution at 12.,')° R. (15.0° C.). The scale 
is graded from 0 to HX), showing 0° in distilled water and 100° in abso¬ 
lute alcohol of specific gravity 0.079,39 at the temperature mentioned. 
The teinpei.iture corrections may be very much larger than with the 
saccharometer. As the greater the amount of alcohol present the 
less dense the solution, a higher tcmpeniture causes the readings to be 
too high, and a lower temperature too low. Generally each alcoholom¬ 
eter is provided with a table of corrections. The Tralles alcoholom¬ 
eter is shown in Fig. 17, page 48, and the hydrometer-jar used with it. 

In testing the alcoholic wash solution the alcohol should be obtained 
by distillation. Since alcohol has a lower boiling-point than water, 
it will therefore be driven off in the form of aleohol-vapor when a 
solution containing it is heated to the necc.ssary degree (kiiling-point). 
By condensing the vapor thus driven off, it may be recovered in the 
form of alcohol, mixed with a small amount of water. Repeated dis¬ 
tillation gives a still purer alcohol, until about 90 or 95 per cent strength 
is reached. To prepare absolute alcohol, quicklime, anhydrous copper 
sulphate, and metallic sodium are employed. For the distillation, in 
determining the amount of alcohol formed in a fermentation at least 
a half-liter should be used, and larger amounts, up to 2 or 3 liters, are, 
probably preferable. 
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The distillation is carried out in a glass or metal flask, and the alcoholic 
vapors are condensed in a tube, or worm, surrounded by cold running 
water, and collected in a receiver. A German laboratory apparatus 


r 



Fig. 17.—^Tralles’ Spirit Hydrometer, with Glass Cylinder or Hydrometer-jar. 

(Illustrations furnislied by the Emil Greuier Co., New York City.) 

for this purpose is shown in Fig. 18. A specially made small alcohol 
hydrometer and jar is shown at the left of tliis cut. The heat is sup¬ 
plied by burning denatured alcohol. 

Practically all the alcohol will be contained in an amount of the 
distillate equal to two fifths of the alcoholic solution taken. This is 
then accurately made up to the original volume and the specific gravity 
determined by the pycnometer. 

The Pycnometer.—The pycnometer is an instrument used for deter¬ 
mining the specific gravity of a liquid. Having determined this with 
accuracy, the quantity of sugar, alcohol, etc., may be discovered by 
referring to the tables which have been devised. Various forms of 
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pycnometers are in use. In fermentation work the instrument is used 
at a standard temperature of 15°, and water at the same tempera¬ 
ture is taken as a standard.. To determine the specific gravity of a 
liquid, the iastrument Ls weighed dry, and then again, after filling with 
the distilled water, and cooling to 15°. Weighing should be carried 
out to three places of decimals. The difference in weights obtained 



Fig. 18. —Gorman Lalioratory Apparatus for the Estimation of Alcohol in the 

Wash Liquor. 

will give the weight of the water. The weight of the solution, the specific 
gravity of which is desired, i.s then found in the same way. 

Wt. of solut ion 

The temperature must be carefully noted and either a correction 
applied or the solution brought to some standard temperature, as 
variations in temperature give considerable variation in specific gravity. 
In obtaining the per cent of alcohol the tables given in Chapter IV, 
pp. 127-141, are used. These tables were adopted by the Association 
of Official Agricultural Chemists, as published November 14-16, 1901, 
in Bull. No. 65, Bureau of Chemistry, U. S. Department of Agriculture. 
A small variation in estimating the per cent of alcohol in the wash 
means quite an amount when figured on the yearly production of the 
alcohol of the distillery, and hence there is need of the greatest accu¬ 
racy possible in such attempted control of the operations. While dk- 
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tillers in this country ordinarily figure yields in terms ot gallons of 
proof spirit per bushel of grain or gallon of molasses it is often con¬ 
venient for the chemist to express such yields by a decimal system. 
Such a table is referrwl to above. The United States Alcohol Tables 
from the Gauger's Manual are given on pp. 143-145. 

Conditions Favorable to Alcoholic Fermentation.—TAc jactors to 
be considered in determining for alcoholic fermentation are character 
oj the muKt, temperature, aeidilji, and li(jht. For favorable jresults it is 
desirable to have these conditions as constant as practicable, since the 
fermentation organisms are all more; or less sensitive to variations in 
their physical and chemical environments. 

Alcoholic fermentation will i)roceed most vigorously and generally 
with best results in mashes containing lO-lSCJ of solid.s of which 65- 
70',{, is fermentable. In other word.s, a content in fermentable sugar 
of from 7.5 to It)';;, offers the most suitable opportunity for activity. 
JIuch stronger solutions may be fermented, but it is the opinion of 
expert practical men that there is no appreciable gain by the use of 
heavier nwshes. 

Temperature plays a most important pfirt in fermentation. Although 
capable of enduring and working under a considerable range of tem¬ 
perature and it is in proxiinity to tcmi)eratures of 75°-St)° that the best 
results are obtained, as this is generally most stimulating to yeast fer¬ 
mentation, and any temperature above 85° is almost certain to be 
dangerous. 

Lower temperatures arc not necessarily injurious, but retard the fer¬ 
mentative processes. 

Light.—As in all fermentations, darkne.ss or a weak diffused light is 
far better than intense light. 

Acidity.—A medium mildly acid with organic acids .seems to be 
the most readily attacked. Alkalis arc harmful to yeasts. 

C/can/mc,ss.—Filtered air is of great advantage. By this simple 
ex{M^dient much greater freedom from foreign germs hurtful to the 
process of fermentation is avoided. Strict cleanliness in carrying out 
the fermentation processes is absolutely necessary. 


It is l)clieved that the inclusion of the following paper will prove 
of interest. 
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THE FERMEHTATIOW OF CANE MOLASSES AND ITS BEARING ON 
THE ESTIMATION OP THE SUGARS PRESENT.* 

Jiy Dr. CiKOKUK Hauker. 

The question of thedeterinin.'ition of the .sugars, and more csi)ecially of 
tlie saccharose, in cane-inolasse,s is one wlucli lias caiused niucli discussion. 
On account of the large proportion of reducing sugars present in canc- 
molasscs il is recognized that no reliance can he placed on the saccharose 
figure obtained by direct polarization, since the rf'ducing sugars ])resent 
also affect the iiolarizatiori. For ex.act determination recourse is gen¬ 
erally hiul to the (’lerget method, which is not atli'ctcd by the jircsence 
of reducing sugars. In this method, after obtaining the figure for direct 
polarization, the solution i.s inverted with, acid and the jiolarization again 
made. Tlie reducing .sugars are not affected by the acid, and the difference 
in the two jHilarizations is taken to be due to the jiroduction of invert- 
sugar from the .saccharo.se originally present. From this difference the 
saccharose is calculated. 

F'rcsh interest has been arou.sed recently by Remy (Bull. Assoc. Chim. 
Suer. Dist.. 1904, 21, 1002), who has opposed the (llerget method, on 
the ground that the polarization of the levulosc ])resent in the molasses 
is not, as assumed, the same in neutral as'in .acid .solutions. Lindet, 
however (Bull. A.ssoc. t'hini. Suer. Hist., 1905, 22, 574), has shown that 
the error can only lx; a very slight one. 

An important jiaper dealing with the whole question of the deter¬ 
mination of saccharose in cane-niol;us.scs has been jmblished recently by 
H. and L. Pellet (Bull. Assoc. Chim. Suer. Dist., 1905, 22, 744-752). 
Numerous (;.'cperiments have been nuule by the authors with different 
molasses, in ndfich the reducing-.sugar.s present before and after inversion 
with acids were determined by means of Fehling’s solid ion. The saccha- 
kflgose was thus calculated by a method independent of the optical prop¬ 
erties of the sugars, anil in till cases was found to be in very close agree¬ 
ment with the Clcrget figure for the s,amc sample. The authors consider 
that the accuracy of the Clergct method is beyond question. 

Now when cane-molasses is fermented, the quantity of alcohol pro¬ 
duced is generally much less than that which is indicated by calculation 
from the figures of analysis for th’e saccharose and reducing-sugars in 
the molasses; and it is evident that the yield of alcohol has an important 
bearing on the question of the determinatioii of the sugars. In this con- 

» Jour. Soc. Chem. Ind., No. 17, Vol. XXV, iiept. 15,1906. Sydney (Australia) 
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nection an account of some experiments undertaken by the author on 
the fermentation of cane-molasses may be of interest, as they seem to 
cast some doubt on the methods of analysis for the sugars present. 

To account for the low yield of alcohol obtained fromthe fermentation 
of molasses several cx]ilanations have been given. Of these, apart from 
bacterial los.ses, 1,he most important seem to be the presence of organic 
aciils and the])ossiblc iircsencc in the molasses of sugars fermentable oidy 
with difficulty. 

Lafar has shown (Z. Spiritusind, 1805, 18, 238) that free organic 
acids hinder fermcnt.ation. 

llau (Z. Spiritusind, 1804, 17, 3G6) has discussed the resistance of 
be<d-moIasscs to fermentation and concludes that it is chiefly due to the 
prcseiu^e of sugars fermentable only with difficully. Boiling with sul¬ 
phuric acid not only removes volatile acids, but also inverts such sug.ars 
as raffinose, fermentable only with difficulty, and so increases the yield. 

The majority of the experiments, of which an account is given in this 
paper, were performed upon a sample of molasses which had the following 
composition: 


Saccharose (Clergct). 41.52 

Reducing-sugars. 9.26 

Other organic matter..'. 11.66 

Ash. 11.50 

Water. 26.06 


100.00 

Brix. 75.1 

Specific gravity... 1.3832 

Total sugar as reducing-sugar. 52.94(43.68+9.26) 

Polarization direct. 38.80 


After inversion with acids, 55.12 per cent of reducing-bodics, esti¬ 
mated by Fchling’s solution, were present; subtracting from this the 
9.26 per cent present before inversion, and, following Pellet, calculating 
the saccharose from the difference, the figure 43.57 was obtained, which 
seemed to show that the Clerget figure was, if anything, lower than the 
the truth. It was only as the investigation proceeded that a contrary 
opinion w.as formed. 

In all the fermentation experiments, whether saccharosemr molasses 
was cm]doyed, the solutions were always made so as to contain 10 grms. 
of sr^ar, calculated as reducing-sugar, in every 100 c.c. of solution. By 
this means a comparison of results was rendered very easy. The volume 












THE MANUFACTURE OF ALCOHOL. 


53 


of solution fermented was in all cases 500 c.c. The solutions were placed 
in bottles previously cleaned, sterilized, and dried. The mouth of each 
bottle'was closed by a plug of cotton-wool and the bottles were then 
placed in a water-bath, which was kept at a temperature of 310° C. by 
means of a thermostat. The yeast employed for most of the experi¬ 
ments was pure culture yeast and was obtained fresh for each set of in¬ 
oculations. In a few experiments ordinary brewery yeast was used. 

The attenuation of the solution on fermentation was taken as a basis 
for calculaCing the yield of alcohol. The attenuation is the figure (multi¬ 
plied by 1000) giving the difference in the specific gravity of the solution 
before and after fermentation. When 16 or 20 solutions were fermented 
in one operation, as was often the case, it would be difficult to estimate 
the alcohol in each by distillation on account of the time occupied. The 
yield of alcohol could be calculated with close approximation by means 
of the following formula: 

Attenu.gfionXlOO 

47..b 

At the end of a number of experiments the alcohol w'as removed by 
distillation and the yield so obtained compared with that calculated 
from the Jitienuation. The distillations were conducted with great 
care, a long fractionating column being used. According to Pasteur, 
100 grins. .,f reducing-sugar produces on fermentation 48.47 grms. alcohol, 
and as each solution of 500 c.c. cont ained 50 grms. of sugar calculated 
as reducing-sugars the maximum yield of alcohol obtainable was 24.235 
grms. 

The following table gives a comparison of some of the yields of alcohol 
actually obtained by distillation, with the yields calculated from the 
attentuatiim figures: 


Material FenD<%ntfHl 

Atfptiutttion 
OUtaineti i 

IVrcentaKe Yield 
('alrulaietl from 
Attenuation. 

Airohol 

Produmi. 

I’errcntaRe Yield 
('alrulat^ from 
Airohol Produced. 

Saccharoses. .. 

■i:t 0 

90 5 

22 01 

90 8 

Molasses. 

:io 3 

82 7 

19 <:o 

82 1 


,39 .3 

82.7 

19 81 

81 7.3 


In the case of the cane-sugar the yield actually obtained was slightly 
above, while with molasses it was somewhat below, that calculated from 
attenuation, and this was observed in other cases; but by adding 
0.5 per cent to the yield calculated in the case of the saccharose solutions 
and by subtracting 0.5 per cent in the case of molasses, figures were 
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obtained whieli were in pood agreement with the percentage yields of 
alcohol obtainable by actual di.stillation. Accordingly in calculating the 
yieliLs from the attcimatiori ligures these corrections were applied. 

Fermentation of the Molasses.—As the total sugar by amilysis in the 
molas.scs was .52.1)4 per cent, each solution for ferm('iitali(m (.5(K) c.c.) 
contained 111.45 grins, of molasses. When the molasses was fermented 
in simple aqueous .solution without any previous treatment the attenu¬ 
ation obtained was RS.,4, eorrespoiKling to a yield of 80.1 p'r cent by 
calculation. The yield of alcohol was not- increased to a material e.xtcnt 
by boiling the solution to sterilize it, nor by adding sulphuric acid before 
fermeiitation. The addition of Pasteur’s mineral nutrient iiieri'iisi'd the 
attenuation to 30.3, corresiionding to a calculated yield of 82.2 per cent. 
In a fi'w experiments the sugar in the molasses solutions was eomjiletely 
inverted by treating with excess of sulphuric acid (It) grins, per .500 e.e.) 
at 70° C. After this treatment Hie acid was nearly neutralized with 
sodium earlxmate, mineral nutrient matter was added, and the .solution 
fermented. Although no sugar was destroyed during inversion the 
yield of alcohol was very little ipereased—attenuation 39.5. In all 
eases in which the mola.sses was fermented the fermentation was vigorous. 

■Although treatment with sulphuric acid may improve the yield from 
beet-molasses, it was of very little value here, and consequently the 
cx])lauation given by Bau to account for the dittieulty of fermenting 
beet-mohusses cannot lie applied to the eane-molasses under consideration. 
Further, as after t he acid treatment all the sugar was jiresent as redueing- 
sugar, the low yield obtained under ordinary eircumstanees cannot Ix! 
due to incomplete inversion of the saeeahrose, as has Ixx'n .asserted. 
The maximum attenuation obtained, viz., 39.5, correspmded to a per¬ 
centage yield of 82.7, so th.at even under the best conditious the yield of 
alcohol was very low. 

To whatever treatment the molasse.s solutions were subjected before 
fermentation, there was always a .small quantity of some substance present 
in the spent wash which, although unfermentablo, reduced Fcliling’s 
solution. The quantity of this, although small, was constant, and 
amounted to alxmt 2.40 per cent on the weight of molasses taken. In 
calculating the possible yield of alcohol obtainable from a given molasses, 
it is always taken that the redueing-sugars given by analy.sLs are com¬ 
pletely fermentable; but if we assume that the substance left in the 
' sp'iit wash, which reduere I'chling's solution, is present in the original 
molasses and is not formed during the fermentation, a correction must 
be applied to the analysis figures if we wish to know the amount of fer¬ 
mentable reducing-sugar. Thus, in the mola.sses under consideration, of 
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the 9.26 per cent of reclucing-bodics present, only 6.80 can be considered 
as fermentable sugars; the total sugar eiileulated as reducing-sugar falls 
to (52.94— 2.46)= 50.48 per cent, and the percentage yield of alcohol 

obtainable becomes calcu¬ 

lated as the nuixirnum pos.siblp. 

The yield of alcohol of 82.7 per cent actually obtained was calculated 
on the basis of 52.94 i)er cent of fenncntabic sugar, but this is still con¬ 
siderably l('.ss than 95.3 per cent, and if, after making the allowance for 
the reducing subshinee in the spent wa.sh, the figures of analysis for 
saccharose and fermenfiible redueing-sugars arc correct, then the low 
yield of alcohol can only be e.\-pliiined by the harmful effect on the fer¬ 
mentation of bodies either present in the original molasses or produced 
during the course of the fermenhition. 

Defecation of the Molasses before Fermentation.—A few preliminary 
experiments were made in order to dctcrniine the effect of removing 
organic matter by means of lead salts. To solutioas of molasses not 
too concentrated Kasic lead acebite was added to precipitate orgiinic 
matter. After filtering off the precipitate, the excess of lead was re¬ 
moved by .'i’.ilphuretted hydrogen, and after boiling to remove this gas, 
the solutions were m.ade nearly neutral and were fermented. Before 
fcrmeiitiitioii a sample was taken for the detennination of saccharose 
and redueing-sugars present, and the percentage yield of alcohol was 
calculated fro n these figures. Although the solutions fermented rapidly 
the yield of alcohol was not improved. To avoid the accumulation of 
acetic acid in the .solution, resulting from the employment of basic lead 
acetate, normal lead nitrate and lime were also u.scd to precipitate the 
organic matter, but the yield of alcohol was not raised. 

Fermentation of Saccharose in Pure Nutrient Solutions and in 
Solutions of Spent Wash.—To detennine with more certiiinty whether or 
not the presence of the non-sug.ir bodies in the molasses exerts a deterrent 
effect on the fermentation, as is constantly asserted, experiments were 
made in which saccharose was fermented in solutions of spent wash. 
For purposes of comparison cane-sugar was idso fennented in pure nu¬ 
trient solutions under similar conditions. In these latter cases the 
solutions contained 47.5 grms. of pure cane-sugar, equal to 50 gnns. of 
reducing-sugiirs in each 500 c.c. and in addition the nutrient materials 
necessary for the growth of the yeast-cells. Pasteur’s nutrient mixture 
was found the best of several tried, but when used by itself the fermen¬ 
tation of the cane-sugar took several days to complete, while in the case 
of a molasses solution, or of a solution of cane-sugar in spent wash, the 
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fermentation was alway.s finished in forty-eight hours. However, by 
the addition to every solution of 2 grms. of a nitrogenous yeast food sold 
under the name of “levurogcne,” which itself contained no fermentable 
material, the time taken over the fermentation was reduced to two or 
three days. 

The fermentation of saccharose in the pure nutrient solutions did 
not proceed so regularly as was expected. In many cases the attenua¬ 
tion reached the figure 4.6.5, eorresponding to a yield of alcohol of 96.3 
per cent; a considerable number varied between 45 and 45.5, but some¬ 
times with poor fermentations the attenuation was as low as 43. The 
principal aim, however, was not to obtain a theoretical yield of alcohol, 
but to find out how much alcohol was produced when cane-sugar was 
fermented under conditions approaching as closely as possible to those 
employed during the experiments on the fermentation of molasses. The 
experiments showed that under these conditions from a definite weight 
of cane-sugar the alcohol obtained was about 96 per cent of the quantity 
obtained by Pasteur. 

In the case of the fermentition of cane-sugar in solutions of spent 
wash, the solutions were prepared by evaporating the alcohol from 
solutions of molasses which had been completely fermented, care being 
taken that the solutions wore not being too strongly heated. In many 
cases the solutions had been allowed to stand several days after all 
fermentation was finished before the alcohol was removed; 47.5 grms. of 
Siiccharose were then dissolved in the solution, nutrient matter and yeast 
added, and the volume made up to 500 c.c. In this way a known amount 
of sugar was fermented in the presence of all the non-sugar bodies con- 
toined in the molasses, with the exception, perhaps, of the most volatile 
organic acids. The quantity of these removed could only have been 
very small, as the acidity of the solutio# of .spent wash did not alter to 
any extent during the removal of the alcohol. Many experiments were 
made; the fermentation was always more vigorous and the rc'sults 
obtained more regular than with saccharose in nutrient solutions. The 
addition of Pasteur’s nutrient improved the yield slightly, but no gain 
resulted from the addition of “levurogcne,” as the spent wash itself 
contained sufficient nitrogenous food for the growth of the yeast-cells. 

The exi'oriments proved conclusively that the yield of alcohol 
obtained is just as large when saccharose is fermented in solutions of 
spent wa.sh as when fermented in pure nutrient solutions, and that 
consequently the non-sugar bodies present in the spent wash exercise 
no harmful influence on the fermentation. 

In some cases the attenuation was as low as 43 or 44, but in most 
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it varied from 45 to 45.5. In one or two cases the calculated figures 
were checked by actual distillation of the alcohol, when it was found, 
as for saccharose in nutrient solution, that the yield by distillation 
wjis .slightly higher than the calculated. A yield of at least 96 per 
cent of the niaximuni (taking Pasteur’s figures) was obtained. 

These results gave rise to a strong belief that the low yields obtained 
in the case of the molasses were due to the fact that the percentage of 
sugars jirtisent in the molasses is much less than that shown by analysis. 
It might be said, however, that in the case of molasses the bodies 
originally present, whatever they may be, which exercise a harmful 
influence on the fermentation, are themselves altered during the course 
of the fermentalion, and that consequently, although pure sugar gives 
a theoretical yield of alcolad when fermented in spent wash, it might 
not do so if fermented in the original moliusscs. 

Exiieriments alreiuly described had shown that a .solution containing 
47.5 grms. of cane-sugar in .500 c.c. g.ave an attenuation of 45.5, and 
one containing 94.45 grms. of molasses in .500 c.c. an .attenuation of 39.5. 
Hence, if the fermentation of saccharose jjroceeds as well in mola8.ses 
.solutions as in pure nutrient solutions, 23.75 grms. of cane-sugar and 
37.22 grms. of molas.ses in 500 c.c. should give an attenuation of 41.5. 

The average figure for seven separate determinations was 41.3, 
giving fiirther evidence that on fermentation the sugar in a molasses 
solution is completely converted into alcohol. 

Assuming that this is the ca.se, the amount of fermentable sugar 
present can be calculated. On the basis of 52.94 per cent of fermentable 
reducing-sugar, it was found that the best results obtained from the 
fermentation of the molasses g.avc a yield of 82.7 per cent of alcohol; 
when pure sacchitrose was fej^mented in spent wa.sh under similar con¬ 
ditions the yield of alcohol 96 per cent, or, in other words, only a 
small proportion of the sugar was not converted into alcohol. Assum¬ 
ing that this slight loss of sugar takes place also in the case of the 
molasses, we may consider that 

S2.7XI00X.52.fi4 „„ 

-Si- 

is the percentage of fermentable sugar, in terms of reducing-sugar, 
present in the molasses. This quantity is 86.2 per cent of the amount 
given by analysis. 

Determination of Ratio of Carbon Dioxide to Alcohol on Fermen¬ 
tation of the Molasses.— In order to determine whether the fermen¬ 
tation of the molasses was normal, the ratio of the carbon dioxide to 
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alcohol was obtained. The ratio was also dcUTniined for pure nutrient 
solution.s (if sacctiarosc. 

Ttie .solutions for fenuentation were jircpared as previously described, 
and out of each 500 c.c., 50 c.c. were removed for the estimation of 
the carlxm dioxide. The remainder, to act as a cheek, was jilaced in 
a bottle and fermented under the same conditions as the smaller quan¬ 
tity. The ,50 c.c. were [ilaced in a small flask, which was immersed 
in water kept at 3I°(’. The carbon dioxide was estimat'd from the 
loss of weight sustained liy the flask and attached diyins apparatus. 
In the first experiments on molasses .and saccharose the jias which 
escaped was absorbed in potash bulbs to ensure that the, loss w'as due 
to carlxm dioxide, but this jirecaution was found unnecessary. A 
current of dry air removed the last of the carbon dioxide from the 
apjiaratus. 


Results. 


Material. 

Attenuation. ^ 

(intiiis 1 

Carbon Dtuxidc. 

Grnrrw 1 

Alcohol. 

llatto Alcohol to 
Carbon Dioxide. 

Saccharose. 

44.0 

2.325 

2.257 

0.971 

“ .... 

45.5 

2 34 

2.33() 

0.998 

Molasses. 

39.;{ 

2 02 

1.993 

0 98(1 


;i9.3 

2 (K) 

1.993 

0 990 


h'.ach 50 c.c. of solution contained 5 srms. of sugar in terms of rcduc- 
ing-sug.ar, it being understood that in the case of inolas.ses the solutions 
were alw.avs made up on the assumption that the analysis figures were 
correct, and that the content of the molasses in fermentable sugar 
was 52.94 jier cent. Pasteur gives for the fermentation of 5 grins, 
of reducing-sugar: carbon dioxide, 2.,338 grms.; alcohol, 2.424 grins.; 
ratio: carbon dioxide to alcohol = 1:1.0,37. 

The fermentations of the nutrient saccharose solutions were never 
so good as those obtained by Pasteur, hence the ratios of carbon dioxide 
to alcohol were lower. It is interesting to note, however, that the 
ratios with molasses were quite as higli as those obtained from the 
nutrient saccharose solutions. 

Inversion of Sugar in Molasses by Means of Invertase,—Although 
all the evidence derived from the fermentation experiments seemed 
to indicate tlie jiresence of less sugar than was given by analysis, the 
quantity of reducing-bodies produced by inversion with acids supported 
the analysis figures. Consequently it was of unportance to determine if 
possible the amount of reducing-bodies produced in molasses by the 
action of invertase. 







THE MANUFACTURE OF ALCOHOL. 


59 


The invertase was prepared by ijiixinf; a weighed quantity of fresh 
yeast with water and keuinng it at a temperature of 60° C. for some 
time. The solutions for inversion were iiia<le so as to contain 10 grins, 
of sugar calculated as reducing-.sugar jier 100 c.c., and generally 200 c.c. 
were mvi-rted in e.ach ex|)('riment. The temperature of inversion 
was between 55° C. and 00° (’. Saccharose either in aqueous solution 
or ilissolved in spent wash was inverted rapidly and conqiletely. 

Turning now to molasses, the action of invertase was found to be 
much slower. In solutions of sacchanisc in s|)ent wash 98 per cent 
of the sugar added was inverted in twenty-four hours, while forty- 
eight hours wore required for the ma.ximum inversion in molasses. If 
the figures of analysis for saccharose and rcduciiig-sugars are correct, 
there should bav(' been j)rr:sent, after inversion with invertase, 10 grms. 
of reducing-sugars in e.ach HK) c.c. of .solution, but the quantity obtained 
actually was only 86 to 87 ]>er cent of this. 

Now it has alreaxly been shown that the quantity of alcohol obtained 
on the fermentation of the molasses accounts for about 86 per cent 
of the sugar indicated by analysis, ami this quantity should all be 
present after inversion with invertase; but to this must be added the 
unfermentable reducing substance found in the siicnt wash after fer¬ 
mentation of a molasses solution. Although this does not contribute 
1,0 the production of alcohol, it is present in the solution. Its amount 
was found to bo 2.46 jier cent, calculated on the molasses, or 4.65 per 
cent of the total sug.ar, in terms of reducing-sugar. Hence, after inver¬ 
sion with invertase, at least 91 per cent of the sugar indicated by analysis 
would be expected. The amount found in the experiments was not 
more than 86 to 87 per cent. When the solutions, after inversion 
with invertase, were fermented, the yield of alcohol obtained was some 
2 or 3 ])er cent lower than usual, so that evidently a little fermentable 
sugar hail been destroyed through the jirolonged inversion. The 
amount of the loss was easily calculated by subsequent fermentation, 
and allowing for it, the total quantity of reducing-bodies aftisr inversion 
was found to be alxiut 90 jier cent (9 grms. per 100 c.c.) of that indi¬ 
cated by the analysis. Of this 4.65 per cent is unfermentable, and 
the quantity of fermentable sugar in the molasses, in terms of reducing- 
sugar, becomes 45.18 ])cr cent. The figure obtained before from con- 
siikration of the alcohol jiroduced from the molasses was 45.63 per 
cent, and although both these figures arc only approximations, the 
agreement tetween them made it clear that when the molasses was 
treated with invertase just that quantity of reducing-sugar was formed 
which was necessary to jiroduce the quantity of alcohol obtained when 
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the molasses wius fermented. Consequently a considerable portion of 
what analysis indicated as saccharose was not inverted by invertasc, 
and was in reality not that substance. 

Although the action of invertase on molasses took a longer time tlian 
when cane-sugar was inverted in a solution of spent wash, the results ob¬ 
tained w’ere fairly concordant. This was also found in the case of another 
molassi-s treated in a similixr way, thfiugh with one particular Siimplo no 
results of value could be obtained, as the action of inverta^sc speedily 
came to an end, there txdng evidently something present which inhibited 
the action of the enzyme. The experiments with invertasc confirmed in 
a striking nainner tlie results obtained earli(>r in the investigation, and 
left no room for doubt that the aniilysLs figure for siiccharose was con¬ 
siderably too high. 

The quantity of reducing-bodies produced by the action of acids was 
very much greater thivn by that of invertase, but on subsequent fermen¬ 
tation the yield of alcohol—allowing for the slight destruction of fer¬ 
mentable sugar during inversion with inverbise—was no greater. Hence 
the reducing-bodies produced by acids and not by invertase Were not 
fermentable sugars, and were therefore not derived from siiccharose. 

H. and L. Pellet, in the piiper referred to above, laid great stress on 
the close agreement of the figures for saccharose in canc-molasses ob¬ 
tained by the Clerget method, and by calculiition from the reducing- 
bodies present before and iiftcr inversion with acids. Thus for the 
moliusses under consideration we have: 


Sacclmroso | 

(ClerKet). 

llediirinK'hodieK 
aftf^r Inversion. 

}{e<lucjnfi-l)oilien 
l)f*fore Inversion 

Differenre. | 

Sacoliarose 

1 ulcuiatod. 

41.52 

.55.12 

9 2(i 1 

•15 S() 

4;t..57 


The authors mentioned obtained a much closer agreement for the 
molasses examined by them, and they regard it as a complete confirmation 
of the accumey of Clerget’s jmteess, but since a considerable proportion 
of the reducing-bodies obtained by inversion with acids are not fer- 
mentoble sugars, no figure for saccharose of any value can be deduced 
from them. 

The conclusion of the investigation was, therefore, that the possible 
yield of alcohol from cane-rnolasses indicated by analysis is considerably 
higher than tliat which can be obtained by fermenhition, and that this is 
due to the fact that the analytical figures overstote the amount of fer¬ 
mentable sugars actually present. 

By making use of the figures obtained in some of the experiments it 
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becomes possible to apply a correction to the ordinary analysis. Thus 
for the molasses under consideration, the quantity of fermentable reduc- 
ing-sugar being 6.80 instead of 9.20, the figure for saccharose can be 
obtained by first subtracting this from the total fermentable sugar, 
expressed in terms of reducing-sugar. For this two figures were arrived 
at, viz., 45.63 and 45.18. Taking the mean of these, viz., 45.41, and 
subtracting 6.80, we obtain 38.61 as the figure for saccharose expressed 


in terms of reducing-sugirs; whence saccharose itself. 

3S.61Xfi5 __ 
100 

per cent. 



On making these corrections we have: 

OrifEtiial 

Analysis. 

Corrected 

Analysis. 

Sa<!charo.w. 

.. 

30.08 

Sugars reducing. 

.. 9.26 

6.80 

Other organic matter. 

.. n.66 

18.96 

Ash. 

.. 11..50 

11.50 

Water. 

.. 20.06 

26.06 


100.00 

100.00 

Total sugar as reducing-sugar. 

... 52.94 

45.41 

If we call the pos.siblc yield of .alcohol i 

salculated from the total sugar 

in the original molasses 100, then the yield possible from the corrected 


analysis is only 85.8. 

One i..f the most interesting but puzzling questions in connection 
with the investigation related to the manner in which the character of 
the unfermentiible bodies,appearing as siiccharose in the original analysis; 
changes during the course of the fermenUation. If these bodies did not 
alter they could be estimated in the spent wash after feraientation, and 
there would be no difficulty in accounting for the low production of 
alcohol from the molasses. Hut the fact tliat only a small quiintity of 
reducing-bodics is found in the spent w.ash, even on inversion of this with 
acids, makes it appear as if a loss of sugar actually took place. 

When measured quantities of liquid were nmioved from a solution of 
molasses at different stages of the fermentation, and were treated with 
acid,,and the reducing-bodies so produced estimated, it was found that 
they diminished rapidly during the earlier stages of the fermentation. 


.Attenuation. 

n n. 

Koducing-botlies (Expressetl lu Terms 
of Iteilucing'flugars). 

Grams per 100 c.c. 

0 5. 


2 5. 

. 8.62 

K n . 

. 8.28 

Fermentation complete. 0.7 
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Hence ■when alcoholic fermentation had only just started fatten., 
0.5), the quantity of redueing-bodies which could be produced by inver¬ 
sion with acids had already become very considerably diminished, iind 
was very little in excess of the quantity (9.0 grtns.) produced by treating 
the molasses with invertase. 

A similar observation was made in the experiments with intertase. 
When inversion with iin’ertasc was complete, an estinaition of the reduc- 
ing-bodies ))roduced by inversion with acids, including those already 
produced by invertase, showed that the quantity of tlnsc was not much 
in excess of these latter, whcreiis before the action of the invertase the 
quantity of reducing-lx>dies produced by the acid treatment was much 
greater. Thus if we call the quiintity of reducing-lxidies produced from 
a given weight of molasses by the action of acids 10.3, and the quantity 
by invertase 8.7 gnus., then after inversion with invprtase further treat¬ 
ment with aciils produced a total quantity of only 9.0 grms., showing 
that a considerable cliangc in the cliaracter of the bodies invertible by 
acids and not by invertase had taken place. This was quite apart from 
any lo.ss of fermentable sugar during the inversion, which loss, as proved 
by sul^equcnt fermentation, was very snmll. Besides, if it had been 
fermentable sugar which was disappearing owing to, say, bacterial action, 
the loss should have increased with the time, but it did not. Sufficienl 
evidence has already done given that the loss of fcnnentable sugar due 
to Ixicterial action during the fermentation of the molasses could only 
have been very small, since even prolonged treatment with sulphuric acid 
failed to materially raise the yield, and further, if bacteria were present 
we should exjx'ct the w;ish to become acid. Under ordinary circum¬ 
stances, however, the increase of acidity in the solutions during fermen¬ 
tation is slight. 

It appears probable tliat the bodies, whatever they may be, which 
appear as saccharose in the analysis and which arc inverted by acids but 
not by invertase, are decomposed by some enzyme in the yeast during 
the earlier stages of fermentation. 


Discussiorr. 

Itlr. .1. A. Schofield asked if the ordinary methods of analysis, when 
applied to beet-molasses, also gave high results. It was rather strange 
that the sugar that .seemed to disappc'ar should not only liave the rotary 
power of sticcharose, but should also yield bodies with the same reducing 
power as invert-sugar. 

Dr. R. Greig-Smith suggested that the apparent loss of sugars might 
arise from those particular bodies being readily decomposable, and thus 
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supplying cell matoml for the growing yeast. During his researches on 
vegetable gums he had found some bodies that yielded, on hydrolysis, 
reducing substances tliat were not sugars capable of forming ordinary 
osazoiios, for the compounds melted at too low a temperature and yielded 
tarry bodies, with acetic acid. Possibly some similar substance might be 
present in molas.scs. Witli regard to sugar in molasses fermenting more 
quickly than pure .sugar aided by Pasteur's nutrient, ho thought this was 
due to the high proportion of salts present. He deprecated the assump¬ 
tion that some “enzyme ” had been acting, when, as a matter of fact, the 
nature of the change was simply unknown. * 

Dr. Darker, in reply to Mr. Scliofield, said tliat in beet-molasses 
rcducing-sugars were absent, and raffinosc was the only substance known 
to be ]>r('s(>nt that made a («>rrection necessary in the {wlariscopic read¬ 
ing. With n'gard to Dr. Greig-Sniith’s remarks, he thought the disap¬ 
pearance of the ajiparent saccharose was too rapid to be explained as 
due to its being used as food for yeast-cells. He was of opinion that the 
raj)idity of fermentation in molasses was due to the large proportion of 
nitrogenous yeast foods rather than to the salts. 
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THE DISTILLATION AND RECTIFICATION OF ALCOHOL. 

Theory of Vapor I’re.s8nre and Boiling-point. Boiling-point.s of Mixtures of 
Ethyl and Mothyl Alcohol. Boiling-points of Mixtures of Ethyl Alcohol and Water. 
Theory of Distillation. Simple Distillation. Constant Boiling Mixtures. Theory 
of Fractional Distillation. 'I'ht'ory of Compound Distillation. Dephlcgrnation. 
The Efficiency of Fractional Distillation. 'I’he Extraction of the Alcohol by 
Distilhation. The Rectification of tlii^ Alcohol. History of the Distillation of 
Alcohol. Commercial Apparatus for the Distillation of Alcohol. American Alco¬ 
hol-distilling Apparatus. 

lF*any liquid is introduced into an exhausted enc.lnsure it evaporates 
until its vapor roaches a definite pressure, known as the vapor pre.ssure- 
of the liquid. Tliis vapor pres,sure depends solely upon the temperature. 

If the enclosure into wliich the liquitl is introduced, instead of being 
exhausted, contains air or other gas, the liquid evaporates nevertheless 
to just tlio same extent as before. If, linwever, the liquid is placed in 
the open air the vajfor is carried away l)y diffusion and the liquid con¬ 
tinues to evaporate until it entirely disappears. 

If the temperature is gnwiually rai.scd the vapor pressure inerease.s, 
and tills surface evaporation liecomes more rapid until suddenly a new 
plionomenon appears. This is at the point where the vapor pressure 
becomes equal to tlie pressure of the atmosphere. 

Tlie vapor, in order to escape, no longer needs to diffuse through the 
atmosphere, but is able to pvish it away bodily. Evaporation is now 
not confined to the surface. Bubbles of vapor rise from the interior and 
the liquid is said to boil. The boiling-point is therefore the temperature 
at which tlio vapor pressure becomes equal to the atmospheric pressure 
and the boiling-point is higher the greater tliis pressure is. 

When the liquid is a mixture of two or more constituents, caeh is 
present in the vapor above the liquid, and each has a “partial” vapor 
pres.suro which depends on the composition of the liquid and the tem¬ 
perature. At a given temperature these partial vapor pressures are 
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never as great as the vapor pressures of the respective constituents in 
the pure state. The boiling-point of a mixture is the temperature at 
which the sum of the partial vapor pressures is equal to the atmospheric 
pressure. Usuall)’' the boiling-point of a mixture of two liquids lies 
between the boiling-points of the pure liquids, but this is not always 
the case. It is true of mixtures of common (ethyl) alcohol and wood 
alcohol (methyl alcohol), but it is not true of mixtures of ethyl acohol 
and water, as shown in the following tables. Table I gives the boiling- 
points, at tfle normal pressure of 760 mm., of mixtures of the first pair of 
liquids. , 

Table I. —Methyl Alcohol and Ethyl Alcohol. 


Per Cent 
Mt'thyl Alcohol. 


HoilmR-point, 
l^eK^ees Centigrade. 


Per Cent 
MeMiyl Alcohol. 


Builins-point, 
Degrees Centigrade. 


Tabic 11 gives the boiling-points, at the normal pressure of 760 mm., 
of nd.xtures of the second pair. 

Table II.- —Ethyl Alcohol and Water. 


Boil nK-pf»int, 
Degrees 
Centigrade. 


Boilmg-jxuiil, 

Degrees 

Centigrade. 


Boiling-pointf 

Degrees 

Centigrade. 
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Table 1 is calculated from the data of Haywood (Jour. Amer. Chem. 
Soc., 21, 996). 

Table II is taken from the pajier of Noyes and Warfel (Jour. Amer. 
Chem. Soc., 2d, 467). 

In order to show clearly the difference between the two cases the 
data ^^iven in the tables is ]>lotted in Fiji.s. I and II, and that part of 
the curve in Fis. II which is of special interest, namely, between 90 per 
cent and 100 per cent of alcohol, is plotted on a lar}ier scale jn Fij;. III. 

It is obvious from the diagrams that if we start with ethyl alcohol 
and iuld little by little the lower boiling methyl alcohol, the boiling-point 
of the mixture drops and steadily ai)i)roachos the boiling-point of pure 
methyl alcohol. If, on the other hand, we add similarly to water suc- 



Fiq. I.—Boiling-points of Mixtures of Ethyl Alcohol and Methyl Alcohol. 

ecssive portions of the lower boiling ethyl alcohol, the boiling-point drops 
as before, but when the alcohol in the mixture has reached about 90 per 
cent the boiling-point has already fallen to that of pure alcohol. As 
more alcohol is added the boiliug-iioint continues to decrease until it is 
about 0.13° lower. With further additions of alcohol the boiling-point 
increases and approaches again that of i>urc alcohol. 

According to the experiments of Young and Fortey (Trans. London 
Chem. ,Soc., 81, 717) the mixture of lowest boiling-point contains 95.57 
per cent of alcohol by weight or 97.2 per cent by volume. It will be 
shown presently that the existence of this mixture of minimum boiling- 
point is of the very greatest importance in the technical distillation of 
alcohol. Such a unique mixture is known as a constant boiling mixture. 
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Theory of Distillation. Simple Distillation.—The process of distilla¬ 
tion consists in leading the vapor from a boiling liquid into a cooler 
vessel, where it rccondenses. 



Fiq. II.—Boiliiig-p(>iiil.s of Mixtures of Ethyl Alcohol and Water, 



Fig. III.—Boiling-points of Mixtures of Ethyl Alcohol and Water from 90% to 
100% on a Larger Scale. 

The simplest apparatus for the purpose, which is shown in Fig. 18, 
consists of a glass flask (nr a retort) in which the liquid or liquid mixture 
is boiled and the condenser into which the vapor thus formed is con¬ 
ducted and by which it is recondensed, the distillate being collected in 
the receiving-flask. 

This form of condenser consists of two tubes between which a current 
of cold water flows in an upward direction or opposite to the flow of the 
distillate. The inner tube of this condenser as well as tlie outer is some¬ 
times made of glass and in some instances of metal. 
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This forai of condenser is called the “Liebig,” from the illustrious 
chemist who invented it. 

The flask in which the distillate collects is called the receiver. In 
using such an apparatus the process is called simple distillation. In 
practice the common still, a large boiler heated by fire or steam, supplies 
the place of the flask or retort of the laboratory apparatus, while the 



Fia. 18.—Laboratory Distilling Apparatus, with Liebig Conden.sor. 


Liebig condenser is replaced by a spiral tube of cojipcr (called a worm) 
which is immersed in a tank supplied with a current of cold water, the 
vapor thereby being exposed to a great degree of cold .surface. 

The tank or vessel containing the wonn is called the condenser. 
Such an apparatus is called the common or simple .still, and a repre- 
scntjition of it is shown in Fig. 19, the distillate being collected in the 
receiver e at a. A represents the boiler and li the still-head of the still. 

In the column still (compound still) this still-head of the simple 
still is repkeed by a column or “dephlcgmator,” the theory of which 
and the prineiples governing its operation will be explaineiJ kter on in 
this chixptor. 

Theory of Fractional Distillation.—When a pure liquid is distilled 
the boiling-point remains constant until the distillation is complete. 
When a mixture is distilled this is sometimes, but rarely, true. In 
all other oases the liquid which appears in the condenser lias a lower 
boiling-point than the original mixture, while the residue in the still 
always has a higher. 

This is a rule which was first devised by Konowalow (Annalen der 
Physik, 14, 341,1881). It is unnecessary in a book of this sort to give 
the rigorous proof of this theorem. It will be sufficient to point out 
that any contradiction of this rule would incur a contradiction of the 
fundamental laws governing this phenomenon. Furthermore thk rule 
has been repeatedly verified by a large number of practical experiments. 
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In general if the distillation of a mixture is stopped before it is com¬ 
pleted, two mixtures are obtained, one in the receiver of the lower boil¬ 
ing-point and one left in the still of the higher boiling-point. If each of 
these portions is then partially distilled the distillate of the former has 
a still lower boiling-point, and the residue from the latter a still higher 
boiling-point. 

This process of successive differentiation is known as fractional 



distillation, and is one of the most common methods of separating 
the constituents of a liquid mixture. 

An exarttpl'i of this process in its simplest form is given by Maercker. 

A fermontfd ma.sh liquor of 11.3 per cent of alcohol by weight was 
distilled in !t simple still until the liquor remaining in the still was prac¬ 
tically free from aI(a)hol. 

This residue was then discarded and the distillate redistilled until 
again a residue was left practically free from alcohol. This process 
was repeated five successive times and the resuits are recorded in the 
following tabic; 

Alcdhohc Mixture. Alcohol 

by WeiRht. 

Original wash liquor. 11.3 

First distillate. 32.3 

Second distillate. 55.0 

ndixl “ 70.3 

Fourth “ 7S.5 

Fifth " S3.0 
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In Fig. 20 below are shown two kinds of flasks for fractional dis¬ 
tillation in the laboratory, each flask being fitted with a thermometer, 
the one on the right of cut having a T tube. 

Ordinarily tlu' i)r()ce.s.s of fractionation is made somewhat more 
complex than this by dividing each distillate into successive portions each 
of which is then distilled in turn. The efficiency i.s thus increased, 
but in any case such a fractional distillation carried on by means of a 




FiQ. 20.—Flasks for Laboratory Fractional Distillation. 

simple still is a tedious and laborious process, and this faci has led to 
important modifications in stills used for fractionating. 

Theory of Compound Distillation. Dephlegmation.—If the neck 
of the di.stilling-flask, or the still-head, is constructed in such a way 
that the liquid that condenses there does not return immediately, to 
the body of the still it remains in small pools. The composition of the 
liquid in these pools varies and the boiling-point is lower the farther 
the pool is from the body of the still. The vapor pa.ssing through 
these pools on its way to the condenser changes in composition (becomes 
richer in alcohol) as it progresses and finally when it enters the con¬ 
denser it is leaving a liquid of much lower boiling-point than that in 
the bottom of this still. As the mixture passes up the still-head it 
is thus subjected to what is equivalent to a fractional distillation, while 
the weaker alcoholic liquors run back gradually into the still. Such 
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an arrangement produces therefore a much more effective separation 
and much more highly concentrated alcohol than docs a simple still. 
In Figs. 21 and 22 are shown tw'o such arrangements for laboratory pur¬ 
poses known as the “rod-and-dLsc ” still-lie.ads, and the Linnemann 
dcphlcgmator, from Young’s Fractional Distillation, page 163. 

Other forms of laboratory dcphlcgmator apparatus are shown in 
Figs. 23 and 24, page 72. 



Fig. 21.—The “ Rod-and-di.so ” Still- Fiu. 22.—The “ Linnemann ” Dephleg 

heads; (a) v ithout, (b) with eon- malor. 

strictions in the outor tube. 

In a this consists of a T tube and spherical bulbs and is the Wurtz 
dephlegmatu*. This is shown merely to include it among the different 
forms given. Linnemann’s apparatus in another form of earlier date 
is shown by b in the same figure and has cups of platinum gauze in 
the vertical tube as shown. 

Hempel's tube is shown by c in the same figure. It is filled with 
specially miide glass beads, and shown provided with T tube and ther¬ 
mometer in this cut. 

The Le Bel-Henninger tube shown by d, in Fig. 24, is usually pro¬ 
vided with platinum cones to cause the obstruction which is effected 
by placing these cones on the constrictions between the bulbs blown 
on the vertical tube; each bulb is connected by a reflux tube with 
the one below it so that the liquid is carried back from bulb to bulb 
and not straight to the still. 

The Glinsky dephlcgmator, shown by e in Fig. 24, is provided 
with only one reflux tube, which carries the excess of liquid fifem 
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the lurge bulb to the tube below the lowest oKstruotion practically back 
to the still. It is therefore faulty in construction, as no opportunity 
is afforded the ascending alcoholic vapors to come in contact and be 
washed by such drawn-off alcoholic liquid and thereby be enriched by it 

c 





t’lii. liS.—Lalioralory DeplilcEniator 
ApiiuratiiK. «, Wurz; b, Liune- 
liian; r, HeinpcI. 


d 



B 


Fio, 24.— (I, Lc Bol-Hciiniiigcr’s 
LutKii-atory Dcplilcgiiiator; c, 
Oliiiksky’K Lafioralory Dc- 
plilegniutor. 


to the extent that they should. Another serious fault in construction 
in these: deiihlegmators of Le nel-llenningcr and Glinsky consists in 
the fact that the rellux tubes are external and unlike the Coffey still; 
the returning liquid is thus exposed to the cooling action of the 
air. 

The, laboratory dcphlegmators of Brown and of Young and Thomas 
follow the principle of the Qiffey still more closely, the reflux tubes being 
much shorter and being heated by the a,scending vapor. In Fig. 25 
the “Young and Thomas” dephlcgmator is shown. In the wide 
tube are sharp constrictions on which rest concave rings of platinum 
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gauze, R, and these support small glass reflux tubes, T, of the form 
shown In this out. The narrow V-shaped part serves as a trap. 
The enlargement A prevents the reflux tube from slipping through the 
ring if the tube is inverted. One of the internal h a 

projections is sliown at B in the tube b. A 
horizontal section of the tube at B is shown 
bye. 

On comparing the efflciency of those different 
dephlogmators it was found by Young that for 
large quantities (400gnns.) of liquid Olinsky’s 
ajjjiaratus was inferior to the Lc Bel and also 
to that of Young and Thomas. VVitli small 
quiuitities (.50 grins.) of liquid he found tliat the 
Young and Tliomas dephleginator gave better 
results than oitlier the Li* Bel or the (ilinsky 
dephlogmators. The first dcphlcgmator em¬ 
ployed in the laboratory was devised liy Janrie- 
mann, and luis alrt'ady been shown in its earlier I'.'' 

form. In thisdcplilegmator, liowever, the liquid 

gradually a'‘cumulates until the quantity becomes unmanageable, when 
the dist illation has to be di.scontinued until the liquid flows back to the still. 
This entailed w.a.ste of time and incrca.sefl loss of alcohol by evaporation, 
and it wa.s impossible to mtike an accurate record of the temperature. The 
llcmpel dephlegm.ator, already shown in Fig. 23, is sinqile and efficient, 
but the amount of liquid (alcoliol) which collects in this tube or still- 
head is excessive, and it is therefore unsuit.able for the distillations of 
small quantities of liquid. The descrijition just given of laboratory 
dephlegniators also serves as a history of their devclopincnt. Commer¬ 
cial stills basf'd on the principle of the “rod-and-disc ” still-head and the 
dephleginator just described will be discussed later. 

The Efficiency of Fractional Distillation.—The efficiency of a frac¬ 
tional separation dejiends upon the character of the still and upon the 
number of fractions and rcdistillations. Moreover, the efficiency of each 
distillation is greater the .slower it is and the more regular the heating. 
Ill practice it is necessary to some extent to sacrifice efficiency to speed. 

It is frequently assumed that by perfecting our stills and our methods 
of fractionation it is piossible to come ar near as wc please to effecting 
the complete separation of the constituents of a mixture. While this is 
true of some mixtures, it is not true of others, and the distinction between 
the two classes is of very great importance. 

A mixture of ethyl and metliyl alcoliols after enough fractionations 
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in an efficient still yields on the one side practically pure ethyl alcohol, 
on the other practically pure methyl alcohol, and we have every reason 
to believe that with an ideally perfect still the separation could be ma<le 
complete. But with mixtures of ethyl alcohol and water this is far from 
bcinf? true. Young and Forty (Trans. London Chcm. Hoc., 81, 717) de¬ 
scribe' the results of a very efficient fractionation, starting with 92.6 ])er 
cent alcohol by weight. They used an eighteen-column de])lilcgmat()r 
and fractionally distilled seven times. By this means instead of abso¬ 
lute alcohol they obtained only 95..3 per cent alcohol. Even more sig¬ 
nificant is the cxi)eriment described by Le Bel (Comptes Rend., SS, 
912), who showed that 98 per cent alcohol yielded a distillate wcahr in 
alcohol (97.4 per cent) and a residue stronger in alcohol (99.5 per cent). 
The clu(i to this remarkable difference in behavior between a mixture 
of nuUhyl and ethyl alcohol on the one hand and a mixture of ethyl 
alcohol and water on the other is obvious if we reton to Figs. I, II, and 
Ill, pp. 66, 67. Let us consider first a mixture of ethyl alcohol and 
water cont aining 95.57 jier cent by weight of alcohol. We have stated 
!Ls a universal rule that a liquid never gives a distillaP^ of higher 
l)oiling-i:oinl than its own. But in this particular case it is impossible 
for the mixture to yield a distillate of lower boiling-point than its own, 
tor we .see from the curve that it has the lowest boiling-]ioint of any 
mixture of alcohol and water. W'hen it distills, therefore, it mast 
jia-ss over at constant temperature and without change of cnm[)osition. 
Such a uni(]ue mixture is known as a constant boiling mixture. All 
other mixtures distill invariably in .suoli a way that the distillate is 
rt'pre.sented by a point lower down on the boiling-point curve, the residue 
by a point higher uj) on the curve. Whenever, therefore, in any pair of 
liquid,s there is one mixture of lowe.st boiling-point, then on (rci^eated) 
distillation the distillate will always tend toward the lowest boiling 
mixture. Thus upon repeated distillation of a mixture of methyl alcohol 
and ethyl alcohol the distillate will ap[)roaoh closer and closer to pure 
methyl alcohol, the residue to pun- ethyl alcohol. But upon repeated 
distillation of a mixture of ethyl alcohol and water of less than 95.57 per 
cent the distillate will approach 95.57 per cent alcohol and the residue 
will approach pure water. If we started with a mixture stronger in al¬ 
cohol than the constant boiling mixture described, then the distillate 
would again approach 95.57 per cent alcohol, while the residue would 
approach pure alcohol. No matter how perfect a still may be, therefore, 
it is hopeless to attempt to obtain absolute alcohol from dilute alcohol 
by mere distillation. 

In order to obtain absolute alcohol some hygroscopic substances, such 
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as quicklime or anhydrous copper sulphate, are employed as stated in 
Chapter II. After digesting or allowing the strong alcohol to remain in 
contact with such substances in closed vessels for a sufficient length of 
time to separate the water from the alcohol, in such a constant boiling 
mixture as has been described, the absolute alcohol is recovered by careful 
distillation. Metallic sodium is also used for .such purposes. It is thus 
seen that the assistance of chemistry is neccs.s.ary in addition to that of 
physics and mechanics to solve the problems in the technical distillation 
of alcoliol.' 

The curve showing the boiling-])oints of ethyl alcohol and water 
shows the slight minimum which we have commented upon. In the 



Fiq. 20.—Laboratory Vacuum Distilling Apparatus. 


case of mixtures of the higher liquid alcohols with water, this boiling- 
point minimum is more pronounced the higher the alcohol is in 
the series, and it is therefore impossible by mere distillation to come 
even as near a complete scpariition from water as in the case of ethyl 
alcohol. 

Before discussing the technical distillation of alcohol two methods 
of distillation, known as distillation under reduced pressure and distilla¬ 
tion with steam, may be mentioned. 

These methods are chiefly used in cases where for fear of decomposi¬ 
tion or for other reason it is undesirable to heat the substance to its 
normal boiling-point. In Fig. 26 the air is exhausted from the distilUng- 
flask in any convenient manner. 
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In Fig. 27 is shown Briihl’s apparatus, whereby, in distilling under 

reduced pressure, the receiver can 
be clianged in fractional distilla¬ 
tions without breaking the vac¬ 
uum. 

Distillation with steiim is chiefly 

used in the (^a.sc of .substances 

which arc non-niiscible with water. 

The steam passing through the 

li()uid to 1)0 distilled becomes 

siiturated with its vapor an{l the 

vajxjr condensed with the .steam 

in the condcn,ser is then readily 

sei»ratrd from th<> condensed 

water in the rec('iv('r. 

Fig. 27.-BraW’s Laboratory Vacuum l,i),oralory stetun dlstil- 

liistilliriK Apparatus. 

ling iippamtus is .shown in Fig. 28. 
In case it is desired to .superheat (.he steam used for such laboratory 
distillations as have been mentioned, it is done by pas.sing the steam 
througli a heated copper coil like the one shown in Fig. 29, page 77. 




The Exfraction of the Alcohol by Distillation.—This is the fourth step 
in the processes involved in the manufacture of alcohol, as mentioned in 
Chapter II, Wo have shown by what hr..s preceded that it is technically 
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impossible to make use of the method of simple distillation for the pro¬ 
duction of high-proof alcohol. 

This is because of the great number of repeated distillations required 
involving a consequent enormous loss of time and expense. 

The fermented mash liquor or wash usually contains, as has been stated 
in Chapter II, from 10 to 12 per cent of alcohol. 

It is the object of the alcohol distiller to extract and concentrate this 
alcohol from the wash and to obtain it at a high degree of proof. 

The theory of compound distillation proceeds upon the idea of effect¬ 
ing this object in one operation in a compound apparatus, thus imitating 
the repeated vaporizations and condensations (rejxated number of dis¬ 
tillations) t)f the simple still necessary for this purpose, which we have 



Fiu. 2!).—l.iilioratery Copper (.'oil for Superheating Steam, 
describoa. A groat saving of time is thus made and much less expense 
is involved. There is also much less loss of alcohol by evaporation. In 
the com])ound still many repeated vaporizations and condensations take 
place in a continuous manner, whereby both fractional distillation and 
fractinn.al condensation occur as shown in the course of the vapors and 
the return flow of weaker alcohol through the chambers, the details of 
which are given, on an enlarged scale, in Fig, 30. The result Is the 
constant increxused concentration of the alcoholic vapors and the constant 
increased attenuation of the watery weak alcoholic liquor in its down¬ 
ward course through the chambers to the still, where it is finally dis¬ 
charged as spent wa.sh. 

In I'-ig. 30 the course of the vapor bubbling up through the pools of 
alcoholic liquid in the chambers is shown by the arrows. In the upper 
drawing the flow of returns, or weaker alcoholic liquid over heads, down 
through the chambers is indicated by the arrows. Finally the nearly 
pure alcohol vapor passes over to the finiil condenser to be recondensed 
and obtained as high-proof alcohol. In this country two distillation 
processes have been ased. In the first the alcohol is obtained at 140 
proof or 70 per cent; in the second the alcohol is rectified and obtained 
at the high proof desired. 




ARROWS INDICATE VAPOR COURSE 
THROUGH CHAMBERS 

Fig. 30. 


cation) of the potable spirits produced. Formerly abroad, as in this 
country to-day, such filtration method was necessary to purify the spirit. 
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The name rectifying-still or rectifying-column still clmgs to the appara¬ 
tus (dephlegmator) which accomplishes the purification in the cases of 
the modern stills. In the case of denatured alcohol it is a matter of profit 
to remove the fusel-oil in making the alcohol, as it is a valuable product 
and consists largely of amyl alcohols, which are used as a base in the 
font! of amyl acetate for the manufacture of water-proof lacquers, arti¬ 
ficial leather, sanitary sheeting for hospitals, etc. 

The strength of alcohol produced in distillation depends upon the 
efiich'ncy of the still, its proper manipulation, and also upon the number 
of -chambers or plate partitions in the rectifying-column, and whether 
one or more rectifying-columns are used. It also depends .upon the 
amount of cooling surface possessed by the dephlegmating apparatus, nr 
fractional condenser, as it is now more properly called in the laboratory, 
of the “goose,” as it is called in practice. 

Formerly the rectification of the spirits marked a dislinct (fifth) 
and la.st stej) in the processes involved in the manufacture of high-proof 
alcohol. 

History of the Distillation of Alcohol.—Alcohol in a dilute form ns 
an intoxicating beverage has been known among all races and conditions 
of j)e(>]ile since very ancient times. A common form of such alcohol is 
wine, the fermented juice of the grape. All the juices of plants which 
contain sugar and all vegetable matters which contain starch will yield 
alcohol by fermentation. 

The jireparation of an alcoholic liquor by separating the more vola¬ 
tile portions of the fermented juices of fruits and infusions of grains by 
distillation docs not appear to have been understood by the ancients 
according to Muspratt. Urc says: “It seems to have been invented by 
the barbarians of the north of Europe as a solace to their cold and humid 
clime, and was first made known to the. southern nations in the writ¬ 
ings of Arnoldus de Villa Nova and his pupil, Raymond Lully of 
Majorca.” 

The first stills wore naturally of the most primitive design and con¬ 
struction. The contents were boiled by direct fire, and even to-day 
such a method of heating is used for special distillations. The object 
of distillation is to obtain the alcohol in a more concentrated form, from 
the fermented liquor. The next stop after the fennentation of the raw 
material in making alcohol, therefore, is the process whereby such fer¬ 
mented mash or wash Jiquor is subjected to distillation to extract the 
alcohol from it. By repeated distillations and rectifications, in one or more 
operations, the highly purified alcohol is obtained from such fermented 
liquor, or wash as it is often called, the high-proof alcohol obtained being 
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known as commercial 95 j^er cent alcohol, Cologne spirits, and neutral 
spirit ot high jjroof, as the cafic may be. 

Before turning to the long and interesting develoj)ment of the ajipar 
ratus for the distillation of alcohol ujion a commercial .scale, M'hereby 
•such great degree ot jx;rfecfion has finally been attained, it may be well 
to state that concerning the .statement of Ure it has been ascertained 
that in the times of the Ptolcmie.s the Greek-Egyptian eheinists were. 
ac<iuaiuted with the .art, of simjjle distillation.* 


COMMERCUL APPARATUS FOR THE DISTILLATION OF ALCOHOL. 

FOHLKi.V .VLCOnoL-msTrLLIVi; API'MiATIIS. 

Edouard Adam’s Still.—'J'lic origin of the first still which alcoli.shed to 
a great extent the use of the worm and .substituted condensing ve.sscls, 
which ])rincii)le of fractional coiulen.sation, .as well as the “heater" or 
dephlegmafor (reflux eonden.ser), has been retained with modifications in 
nearly all subse([U('nt inventions of the kind, is due to a Frenchman named 
Edouard Adam, who is said to have been a distiller unaccjuainted with 
anything more than the routine of his trade. In ]80f he witne.ssed some 
experiments with a Woulfe ajijiaratu.s at a chemical lecture in .Mont- 
IX'Hier, and was so imp7'e.s.sed with its advantage.s tluat he soon aftc'r con- 
,structed a .still ujion the same jiriiiciple. This succeeded .so well that the 
whole proce.ss of distillation was soon completely cli.angc'd. 'J’he u.se of 
Woulfe's ajiparat.us is described in any technology or work on gas, and 
by referring to th.at it will be .seen that Adam’s .still w.as one of the hai> 
jiiest, adajilations of a Labor.atory aiipliancc to a manuf.acturing ])ur]io,se. 
The modificalion as m.ade by .M. .Ad.am is rejiresented in Fig. df. 

It will be noticf'd that the termin.al cgg-shaiK‘d copjier veii,sels are con- 
necfc'd on the one hand with the retort or boilc'r containing thc' fermented 
iKpior or wine, and on the other with a worm which is immersed in a 
cooler, F. The neck of the' retort passe,s into the first egg-shaiied vessel, 
dil)I)ing below the surface of the Ii(|U()r. It is jierfor.ated at its termin.a- 
tion b}- minute holes through which the vapor j)a.sse.s. A jiipe from thc 
first ('gg le.ads to the second, tilso dipping below the surface of the liquor, 
and so on, from one to the next, whatever thc number may be. 

* Saridakes (from Lasche’s Magazine, Vol. 1, p. 189) gives the statement that 
“ the origin of tlie art of distilling has been wrongly attributed to tlie Arabians, 
whoso noticeal)le appearance in tlie world’s liistory dates only since G‘22 A.n. The 
art is much anterior to the above date: it was originated by Greek-Egyptian 
chemists during the Hellenization of Egypt, under the reign of the Ptolemies, 
330 to 323 B.c.” 
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From the last egg a tube enters the globe D before jjassing into the 
■worm, whose use will presently be explained. From the next to the last 
egg, or from any one of the series, an extra tube, C, also passes into the 
globe B, by which arrangement one or more of the eggs may be dispensed 
with when the distillation does not need to bo carried very high. Another 
liijjo, D, connects each egg and also the boiler with a small worm, V, 
which is used for testing the strength of the distillate in any one of the 
eggs, or fropi the boiler. Another pipe, E, leads from the cotder F into 
the boiler, and another, 77, into the cooler from the storehouse when; tlie 
wines arc kept. The worm in the c.ool(;r 7’, moreover, lc.ads into another 
worm in the cooler G. This still is work(;d in the following manner: The 



Fig. 31.—£douard Adam’s Still. 


cocks connecting the upper tubes are closed, and those in the lower pipe, 
E, are opened. The wine is ]mmped from the storehouse tfirough the 
tube 7/ irdo the cooler F, whence it flows into the boiler. When 
this is about two thirds full the cock next it Ls closed and the 
wine is forced up into the first egg; when this is atiout half-filled the cock 
next it is closed, when the second egg is treated in the same manner; and 
so on through the series, excejit the last one, which serves as a condenser 
and is surrounded with cold water. The lower cocks arc now closed and 
the upper ones communicating between the eggs and with the worm are 
opened. Heat is ajiplied to the boiler and the mixture of alcoholic and 
watery vapor is carried into the first egg and there condensed by the 
wine quite rapidly in the beginning of the process, so that for a time no 
vapor p.asscs over into the second egg. The wine in the first egg, however, 
gradually comes to its boiling-point, which, by reason of its containing 
more alcohol than that in the boiler, is at a lower temperature. In con- 
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sequence the vapor which passes into the second egg has a greater per¬ 
centage of alcohol than that which it received. This vapor, being 
condensed, will cause the liquor in the second egg to bo stronger than in 
the first, and therefore to boil at a still lower temperature. The succes¬ 
sive eggs as they recede from the boiler will thus contain stronger and 
stronger siiirits, .so that the last one may be made to receive alcoholic 
vapor of any dc.sired strength. This is passed into the worm in F and 
condensed either in that or in the succeeding worm in the tyb G below, 
which is lillcd with water, kept cool by a constant flow. The u])per cooler, 
or wine-heater, containing the wine is kept closed, except that a pipe 
lea<ls into the globe B. This arrangement is for the purpose of prevent¬ 
ing loss of sjjirit by evaporation, which would be considerable at the 
temperature it att.ains by contact with the worm. The excise laws of 
Great Britain prevented the inlnxluction of this still into that country 
until after their nif)dification in 1S15. 

While, as is readily apparent from the above ex])lanation, Adam’s 
still was a very imjxirtant contribution to the practice of the distillation 
of alcohol, nevertheless it was a periodic and not a continuous distilling 
apparatus. 

The principle of continuous distillationof alcohol will next be described. 
While in Dorn’s distilling ap])aratus by one operation spirit containing 
about 60 per cent of spirit is obtained, two important improvements in 
stills over his apparatus were matle, one by Derosne in France and the 
other by Coffey in England. Both of these stills further i)erfeetc(l the 
process of continuous distilladon. 

Derosne’s Still.—Edouard Adam’s apparatus was in the mKinthne, 
from 1801 to 1815, much improved in Fnincc by Isiiac B&ird, Cellier- 
Blumenthal, and Derosne. The modification of Cellier-Blumenthal, 
improved by Derosne and now called Derosne’s still, is represented 
in Fig. 32, page S3. This still made po.ssible the method of con¬ 
tinuous distillation. It consists of two boilers (or tandem stills), A 
and A') a first rectifier, C; a whie-heater, D, confciining a dephkig- 
mator; a condenser, F; a supply-regulator, F,'for controlling the flow 
of wine from the reservoir G, which is accomplished by means of a float- 
valve. 

The still is worked in the following manner: The boilers are about 
two thirds filled with wine, or the liquor to be subjected to distillation, 
through the cocks c, c'. The proper quantity is indicated by the glass 
gaugp.s d. d'. Wine from the reservoir G is then let into the funnel 
J, by which the condenser F and the wine-he’.ter D arc filled. In 
the distillation the low-wdne vapors pass from the lower into the upper 
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boiler tbrougb the pipe Z, the extremity of ■which is enlarged and per¬ 
forated with small holes. Here the 'vapors are condensed, increasing 
the strength of the wine in the upper boiler and consequently lowcr- 



Fio. 32.—Derosne’e Still. 


ing its boiling-point. The vapors ascend into the rectifiers B and C. 
The lower rectifier B contains a number of shallow pans perforated 
with holes, and a number of spherical discs, also perforated ■with holes, 
placed above them in pairs, the convexity of each disc being upward. 
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and receiving the drip of the shallow pan next above it. This drip 
is produced by warmed wine which flows from the wine-heater through 
the pipe L. By these means the vapors ascending from the upper boiler 
have, their more watery portions condensed, while the alcoholic vajxjr 
continue to ascend. 

The dripping wine also has a portion of its alcohol expelled in the 
form of vapor, whicli ascends with the vapor coming from below into 
the Uf)pcr rectifier tlirough the orifice 0 in its base. Tliis upper rec¬ 
tifier communicates through the tube M with a worm (which is the 
dcphlcgmator) in the wine-heater D, the worm ending in the tulje 
m, which again t(>rininates in the worm (lontained in the condenser F 
through a cylindrical connc'ct.ion in its upper part. The worm in F 
terminates in a small ves.scl, N, which is furnished with an ah’oholom- 
eter. The alcohol in N flows from its upper part into the cistern II. 
The uppcT rectifier C is divided into .a numlx'r of comi)artmenf.s by 
as iminy horizontal partitions, each disc having an orifice in its centre, 
like, the orifice at 0. To each of these orifices on the upper sid(' of the 
pirtition is adjusted a short open vertical tube. A short distance 
above each tube is placed an inverted pan, having its edges (k^scending 
about three fourtlrs of an inch below the, level of the uirix'i' orifice of 
the tube. As the vajKirs ascend from tlie lower rectifier into the upi)er 
one, a |X)rtion of them condcn.se and colkxd upon the bottom of the 
compartments until they ri.se slightly above the edges of the inverted 
pans and nearly to the upjicr orifices of the tuties. When this takes 
place the vapor can only pass upward by forcing its way under the 
edges of the pans, by whic^h means the more watery portion is still 
further condwiscd, the (stronger) alcoholic vapor, having a higher 
tension, reUiining its gaseous form, and pa.ssing on through the tube M 
into the dephlcgnratory worm in the wine-heater, there to be jrartially 
condensed; which process heats the wine surrounding the worm. A 
phlegma collects in the lower convolutions, which may be drawn off 
by mesins of the pipes j), p, p, and transferred at pleasure either into 
the tube m or into the upper rectifier. The purer alcoholic vapors 
which arise pass through the dephlegmator into the condensing worm 
in the condenser F, whence they flow in liquid form into th(> vc.ssel N 
and thonc(' into the reservoir or receiver //, while the spent w.ash liquor, 
free from alcohol, is run off by tlu; outlet-pipe from A'. The strength 
of the alcohol produced by this still depends upon the, number of wind¬ 
ings of the dephlegmator and the number of partitions in the upper 
rectifier. Derosne’s still requires but little fuel, distills rapidly, and 
yields a good spirit, which may be varied in strength at pleasure. 
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Pistorius’ Still. —The distilling apparatus shown in Fig. 33 was 
invented by Pistorius, in Bf'rlin, in the year 1817. This cut shows the 
still according to his original drawing in the works of Liidersdorff- 
Pistorias on the manufacture of alcohol. 

In operating this still the wash li(juor is boiled by a direct fire in 
the lower boiler or still A. The weak alcoholic vaixirs evolved are 
conducted by the tube D iiitt) the .s(>cond still C. In order to prevent 
the scorching or burning of the contc'iit.s of these stills, they are pro¬ 
vided with* mechanical slirn'rs or agitators, by means of which the 
contents can be kept in motion. 

The wash liquor in the s('co7k 1 boiler or still C is brought to boiling 
by the alcolajlic vapors (mtering it from the still .1 and also by the hot 
flue-gases from the furnace fire under the .still .1. The alcoholic vapors 
from the still C escape into the rectificator E through the tube a, sur¬ 
mounted by the cap I/, and must force their way through .a pool or layer 
of alcoholic, liquor in the bottom of E, becoming greatly enriched in 
alcohol thereby, after which they pass on through G to the n'ctifying- 
column //, ]}«, Ih. which is cooled by water from the pijx' h, and 
these still strongc'r alcoholic vapors are finally condensed as about 80 jx;r 
cent alcohol in K and collectcil in j)ractice from L in t.he receiver. Mean- 
rime tlie i'(jld wash litpior is being heated in V, a saving in fuel being 
thus ('ffeeted, and .as this wash liquor is healed a partial or fractional 
«^nden.sation of the akajliolic vapors is thus accomplished, and the 
weaker alcoholic liquor so obtained furnishes the layer for the bot¬ 
tom of E, as nientiono<l abo\'e. The low wine.s also return from the 
rectifying-eolumn into E through G, G, and also contribute to this Layer 
or pool of weak alcohol in E. In practice the tubes L, G. G, and D 
are propi'rly connected up, although in this drawing of Pistorias they 
arc left, ojicn It will thus he seen that E is really a “heater” or 
dephlegmato.’’ apparatus. The surplus low' wines from E are rct.urned 
to C. At the point c in the tube to 71 is a cock for condensing 
the vapors from A through the condenser m and collecting the dis¬ 
tillate at /. When .such a tested sample provo.s to bo alcohol-frce the 
contents of A are spent and this is run off. It is called the, slop and 
is the residue from the dLstillation of the wash or fermented weak liquor. 
After A is emptied the contents of C are then run into A, and the hot 
wash liquor from the “heater ” F is run into C; then F is refilled with 
cold w.ash liquor and the distillation again proceeds. Such a still is 
periodic and not continuous. This still possesses the advantages of 
the wash “heater” and of the rectifying-column. It has since been 
improved over this original design. 
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Saint-Marc’s Still,—In Fig. 34 is shown the distilling appara¬ 
tus of Saint-Mare.. In this still the number of plates was increased 
over that of the Pistorius still, wldch 
a.s,sistcd in df'veloping the process of 
continuous distillation. The discharge- 
pipe for the spent, wash or residue 
from the distillation is shown at the 
bottom of tlje still in this cut. In this 
form this a])paratus found em]iIoyinent 
in the F.nglish colonies for the distil¬ 
lation of rum. ,Saint-Marc was a veteri¬ 
nary surgeon on the staff of Napoleon I. 
and after the liattlc of Waterloo he went, 
in to ICngland and became interested 
in the di.stillation of spirits, with the re¬ 
sult tliat he there perfected this still and 
abo\it the year 1S27 took out a ])atent 
therefor. 

The Coffey Still.—In 1832 an English¬ 
man iiaiiKH.' (’offey patented the con¬ 
tinuous form of distilling a])paratus 
shown in I'dg. 3.5. This still has proved 
to he of great value to the distiller. Its 
objecta arc tuo-fold: 

1. To econon ir,c the heat as much 34._.S»,;„t-Marc’B DistilHng 

as possible by e.xposing the liquid to a Apparatus. 

very extendtd heating surface; 

2. To cause the evaporation of the alcohol from the wash by passing 
a current of ,‘iteam through it. 

In operating this still the wash is pumped from the reservoir ilf 
through L into the zigzag pipe m, which passe,s from top to bottom 
qf the rectifier K. In cinmlating through this tube m the wash liquor 
Is heated to quite an extent. Arrived at the last (^involution of this 
tube in the rectifier, the heated wash passes by the tube m in at the 
top of the still. It falls and collects upon the top shelf or plate until 
this ovcrflow.s, whence it falls on to the second shelf and so on to the 
bottom of the still. All the while .steam, supplied by the tube h. passes 
upward through the tubes and perforations in these shelve-s. As the 
wash gradually descends in the still it becomes rapidly weaker, partly 
from condensation of the steam which is passed into it and partly from 
loss of alcohol, either evaporated or e-xpellcd by the steam, until when 
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it arrives at the bottom it has parted with the last trace of alcohol. 
This spent wash is drawn off by the trapped pipe N. 

At the same time the vapor as it rises through each shelf of the 



Fio. 'if ).—Tlie Coficy Still. 


still bubbkts through the liquid on them and becomes continuously 
richer in alcohol, and thus contains le,ss iind less water in consequmicc 
of its condensation; it then passts from the top of the still in at the 
bottom of the lower compartment of the rectifier K. Here it astamds 
through perforated plates similar to those 
in the column of the still .and bubbling 
through the liquid, between the windings of 
the descending w.ash-piix!, on the shelves 
until it is conduid.ed through R into the 
finished spirit-eondenser, to be finally reeon- 
densed as high-proof .alcohol of about 91 per 
cent by weight. 



Fig. H6.—Tlic Coficy 
Dcphlcgmator. 


The low wines run from the bottom of the 
rectifier K, where they collect, to L and are 
pumped into the top of the still with the wash, 


to be again distilled and thereby eoncentrated into high-proof aleohol. 


In order to still further economize he.at, the water for .supplying the 


Bteam-boilcr Ls made to pass through a long coil of pipe immersed in 
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the boiling l)ut spent wash, by whicli means its tcunperaturc is raised 
i)oforo it enters the boiler. 

This still in the largc-r siz('s works off iijjward of 3l)l)(l gallons of 
wash per liour. 

In Fig. 3() is shown Ik; const ruction and design of tlie Coffey dephleg- 
iiintor. 

■As ])ointe(l out e.arlier in this chapter it is enclosed, and the retuniin.g 
coudensed ;iJcoholic li([iiid is not thus e.xposcd to the cooling action 
of the air, the wasli llowing tlirough the tuIx'S of this dejihk'gtnalor 
being thus lieated In- the ascending alcoholic vajiors. 

The Ilges Automatic Continuous Distilling Apparatus.*—.According 
to the investigations of Hay duck (Zeilschr. f. Spir.-Ind., iS9l), No. 40), tills 
apparatus furnishes pure spirit of a superior degree of strength and in the 
sun-e proi-ess separates the fusel-oil. This apparat us is shown in l-'ig. 37, 
]). 00. The claims made for it are that it is simple to work, that it. is 
economical in its use of steam and water, that the process is continuous 
.and that, by one operation ])urc t)(i per cent .spirit is nuule. 

Iteferring to tlu; cut .shown in Fig. 37, the method of operating 
tile still liecomes readily apjiarent. The wash is supplied from the 
reservoir or tank to the still A by the action of the wash-regulator G. 
d’he .steam-reguhitor F supplies the steam to the still. The discharge 
of tlie spo'tt wash or sloji is controlled by tlie slop-regulator C, tind such 
slo]) i.s te,sted at Q. The alcoholic vapors, together with ttioso of the 
fu.s('l-oil, enter ttie dephlegmator D by tlie pipe a. Tlie tk'iihlegmator 
consists of eight or nine partitions or cliambers filled witli porcelain balls 
and cooling-1 ulies. 'I’he pure-siiirit vajiors an' conveyed to the condenser 
E liy tlie tulie h. The low wines, together with tlie fusel-oil, run down 
througti die deptilegmatnr chambers mentioned, becoming more and 
more eafichco with fusel-oil until, at a strength of about 15 ])er cent 
alcohol by volume, tliey pass out of the (letililcguiator througli Hie tube 
c into Hu. I'lw-wino condenser M and give up their content of fusel-oil, 
■svhicli is drawn off. 

The .separated low wines are conveyed l)y the tulie li. to the foro- 
hoator R over into the low-wiiic column 0 in order to be again distilled, 
and finally tlie spent low wines are discharged from the jiipc i, k, free 
from alcohol and fusel-oil. The testing apparatus for the siient low-wine 
liquor is at P. 

It is notici'd tliat no use is made of any rectifying jirocc.ss (by filtra¬ 
tion) involving charcoal batteries in connection with this still. 


* Macreker’B Handbiicli dor Spirittisfalirikation, ],S98. 
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Gennan Continuous Distilling Apparatus and Rectifying-still.— 

In Figs. 38, 39, and 40 there is shown the Braunschwcigiseho apparatus, 
as follows: Fig. 38 shows a portion of the nmsh-column, which is equiva- 



Fig. 37.—llgss Automatic CoutinuouB Still. 


lent to fmr American continuous beer-still. This German apparatus is 
fitted mth dephlegmator or iimsh fore-heab'r and .sicve-eolunin. 

■« While the German apparatus .shown in Figs. 39 and 40 distill cun- 
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tinuously, the makers recommend that the separation of the fusel-oil 
and other impurities take place in a second rectifying apparatus for 



Fiq. 38.—Mash-column with a Hoating-tiilie .System. Built by Braunschweigische 
Maschinenbau-Aiistall., Brauiaschweig, Germany. 

periodical charging, which apparatus is shown in Fig. 40, page 93. It is 
claimed tliat in tliis manner great simplicity of service and security in 
working is obtained when contrasted with the complex automatic contin- 
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uous alcohol-distilling apparatus which simultaneously separates the fusel- 
oil. In the United States such separate Jind periodic rectifying methods 
are also followed, as the descriptions to follow will show. 



Fig. 39.—Continuous Waah-dlstiliiiig Apparatus. Built by Bniuuscliweiglsube 
Maschinenbau-Anstdt, Braunschweig, Germany. 

The Periodic Wash-distilling Apparatus for Agricultural Spirit 
Distilleries.—In Fig. 41, page 94, is shown a periodic spirit-still quite 
similar in principle to the American three-chambered cliarging-still. This 
foreign still is claimed to possess oonsideniblo merit, and the advantages 
clidmed for it are simplicity of construction, e,ase of working, small 
amounts of water and steam needed, quick extraction of the alcohol 
from the wash, and the tiigh gnide of the spirits produced. 
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The direct continuous rectifying apparatus shown in Fig. 42, page 95, 
is built by E. Biirbet, Paris, France. The maker claims the following 
advantages for this still: The filcohol produced by it is of the best qual¬ 
ity. It is especially adapted for the rectification of wines, but the reagent 
vessels, here shown, are necessary on account of the special impurities 
of wines. This type of rectifying-stUl, which Las been tried in France 



Fia, 41.—Distilling Apparatus, or Periodic Still. Built by Novdk & Jahn, 
Prague, Austria. 

and foreign countries, is claimed to lie the most perfect of its kind. EE' 
is a necessary refiner, to which are adjusted the reagent vessels designed to 
purify the alcoholic vapors. The pasteurization acts, in the third place, 
as a coiupleincntary refining proce.ss, pnictically final. The wine takes 
the following course: It enters in the first place at the bottom of the 
wine-heater M, and from there it goes to the refining-plate-s at E'. Once 
arrivi'd in the sub-cLamber E" it is relieved of its most volatile impurities, 
gas and aldehydes. It then descends to the plates at C, wliere it is sub¬ 
mitted to a more active boiling, which effects the entire exhaustion of 
the alcohol. The vapors, whicii arc separated at the plates C, pass by 
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the pipe ST to the rectificator proper, called G. The wine-heater M and 
the refrigerator N, or condenser, furnish the retrogressions (returns) 
necessary to concentrate the alcohol to 96.5%. N shows the apparatus 



Fio. 42.—Direct Continuous Rectifying Apparatus. Built by E. Barbet, 
Paris, France. 

which extracts the pasteurized alcohol, P the condensing apparatus, and 
P the testing apparatus. As for those impurities which may remain, 
separated by the condenser N, they return to the testing apparatus E, 
At the base of the rectifying-column G the last refluxes are purified and 
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extracted apart in tho fusel-oil columns at D. H is the special condenser 
of the fusel-oil. These impurities pass out in a highly concentrated form 
and are recondensed in the refrigerator K. This apparatus produces 
a pure neutral spirit in one (a)n)imious ojieration. Rarbct mentions that 
among t.lui reagents used in these stills arc fragments of marble and 
saline .solutions. 

In (sinncc.tion with Rarbet’s continuous rectifying .aiipnralus. .shown 
in Fig. 42, it will b(‘ of interest from the French standpoint to know 
th.at among the problems to be solved by rectification Sotad nu'nt.ions 
“ the diineullics caustal by the i)rincii)al bodies concurrently existing or 
pre.senl in the jdik'gnis (or raw .spirits), which arc ethers formed by the 
reaction of the acids upon the alcoliols; acids formed by the oxidation of 
the a.lcohols; glycerine, and .sometimes acrolein as an accomi)anyiiig 
product; aci'tuldehyde and the aldehydes which corn'isjiond to the divcirs 
homologues of (' 111 }'! alcohol; furfurol; ammonli, and a number of organic 
basi's apparently existing in the phlegms as products formed liocause of 
the non-a,ssimila.t.ion of the yeast, etc. 

“ All, or nearly all, of these' substinces are able to react one ujion the 
othc'r to produce new conpiouiids, and arc a.ble to divide themsc'lves and 
to tramsform themselves under the prolonged action of the watc'r and the 
heat; one must thei’cfore contend against a voritalilc Prot.eus. If these 
substances wi'i’e anhydrous there would still te extreme diHicidty ex])eri- 
enced in .si'iianiting them; the presence of water acts for .some of them 
in the prc'sence of the others to still further complicate the problem. 

“The numerous chemical methods of treatment (for the sc^par.ation of 
these substances) have been .succes.sively propo.sed and rc'jected; finally 
they have been wholly abandoned. It is, then, to the purely jiliysical 
proc('sses that the constructor of rectifying apparatus must a.(ldress him¬ 
self, and these methods demand a profound knowledge concerning the 
laws of physics of the most delicate charaeb'r: the .solubility of the dif¬ 
ferent component parts one in the other, the vapor pressure of the dilTerent 
mi.xed liquids, specific heats, the latc'iit heats of vaporization, density of 
the vapora, radiation, cte. Upon this profound knowledge and the rig¬ 
orous choice of the proportions of the divers organic parts of the apparatus 
depend the success or failure of the apparatus itself.” 

The Stade Continuous Automatic Still.— An exceedingly effective 
type of conlinuous still for the extraction of alcohol direct from the 
wash is shown in Fig. 43, p. 9S. 

This is the automatic and continuous working still built by Goo. 
Stade, Rc'rlin, Germany. This type as shown is called construction 
R, for cologne spirits and rum, separating in one operation the fu.sol- 
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oil and impurities. The strength of the refined spirit should be 9G per 
cent Tralles. 

For making ordinary rum 90 to 92 per cent Tralles are sufficient as 
a rule. 

The advantages claimed for this still are that no charcoal filters or 
rectifying apparatus are neeessiry for cleansing the raw spirit as dis¬ 
tilled from the wash as has heretofore been customary in other and 
less modern makes of apparatus. 

The product therefore suffers no deterioration, as no decomposition 
of the fusel-oil occurs, for by this new process of distillation the fusel- 
oil vapijrs are separately condensed and collected in an uninterrupted 
stream. ♦ 

In sound wash experience the products of fermentation are found 
in a [lurer form in the wash than in tlu^ spirit as usually dLstillod from 
it; fur altho\igh the wash contains fu.sel-oil perhaps averaging ^ of 
1 per cent for different washes as tlui quantity Ls dilTerent in different 
washes, the wash contains no volatik' aldehyi-lc'S or ethers. 

In less modern types of stills aldehydes are formed by contact of 
the alcoholic; vapors with the' atmosphc're in l.he cooler. 

The fins' results of the older me.thods of rectifying show a furt.hc^r 
deterioration; for if the better products of the; ccommon rectifying 
process, i.e., the different high wines and the rectified spirits, after having, 
been laboriously separated were combined afresh with the ordinary 
alcohol and the first and scc;c)ncl runnings the; mixture; would be con¬ 
siderably more impure than the; original raw spirit. 

For the above reasons the makers e>f this type of still claim that 
their autoraat.ic still for refiimd spirit encounters none of these dis- 
adviintages inasmuch as it extracts directly freem the wash the voleitile 
substances thorcin contuinc'd, neiinely, the ethyl alcohol and raw fusel- 
oil, sepa,ra!ely :ind mithnut dc'coinposition. 

As to the size of this still it may bn said that iin height is 10 meters 
(a mctcr=39.3 inches), the jloor-spacc it occupies Ls G metersXl.50 
meters, and its capacity is 2500 gallons of wash liquor per hour. 

The Wash-TcgulaiOT. —The weesh-rcgulator consists of a vat with 
overflow-pipe and the capacity of the; wash-pump is so calculated that 
a continuous overflow takes place at full opening of the outlet-valve, 
in order to keep a constant le;vel in tliis vat. 

The wash outlet-pipe is connected with a graduated cock handled 
from the working platform below. The outlet-opening of the vat has 
to be brushed out and cleaned after using so as to be sure this open¬ 
ing is clear of dead ferments. 
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The SHU Water-regtdcUor.—This works in the siinie way as the wash- 
regulator with constant level. The regulating outlet-cock is fixed on 
the spirit-condenser, but is handled from below, where a gradient is 
put up. 

The overflow of tliis tank returns to the cool tanks as refreshcrator 
or to the suction-well. It is a most important requisite to have this 
water free from incrustation-forming salts, as otherwise the tubes in 



Flo -13 —Patent Automatic and C<)iiliniioii.s Working Still, Construction B. Built 
by Geo. Stadc, Berlin, Germany. 

the condenser and the dcphlegmator get coated and cause great irregu¬ 
larities in the long run. 

The Steam-regulator.—This is the most important of all. The 
change in pressure is effected by means of lead weights on the regu¬ 
lating piston; ns a rule 0.5 atmosphere is the working pressure. How¬ 
ever 0.3 to 0.7 atm. may be used if required. The apparatus is put 
up exactly level and care must be taken that all steam pumps and 
pipes are quite clean. A few days before starting the still, this steam- 
regulator must be tested and fully lubricated with gasoline and kero¬ 
sene. No oil is allowed. The safety-valve of the steam-receiver is 
charged of an atmosphere higher than the working pressure of the 
regulator. Exhaust-steam from the central pumping-(«ngine as well as 
exhaust from the sugar-works are led into this receiver. 
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All engines are to be lubricuted by mineral-oil. 

The direct steam enters the regulator after pa.ssing a rcducing- 
valve at 3 to 4 atm. This secures even working of tiie pumping-engine 
and even quality of c.\haust-s(,eam for the rec('iver. This receiver is 
acting as steam accumulator for the still. Tiic steam-receiver as 
well as all steam-pipes are covered with heat-insulating composi¬ 
tion. 

The condensed-water valve on the bottom of the receiver is always 
kept a little open. 

In order to operate this still the proceeding is as follows; First see 
that all joints arc' tight, and in ease of a new still the apparatus is com¬ 
pletely filled with water^or this purpose. The, water is then discharged 
through tlie lees rc'gulnting-piiie and steam is turned on. The wash- 
regul-'tor is now hik'd up. For starting, the wash-column steam-cock 
is put at lO'.'k, rising tci 40'/o. As soon as the dephleginator becomes 
heated to the third or fourth body, the wash-cock is opened say 
20 to 30fc, and when the spirit ap|icars in the spirit-gauge the 
water is put on gradually. All eoc;ks and valves arc fixed in such 
a manner that a. maximum of wash is worked off. This maximum 
is reached as .soon as wasli appears in tlie wash gauge-gl.ass. The wa.sh- 
cock is then shut a little so that no wash or only very little appears 
in the glass. At the same time in the lees and singlings tester the small 
.spirit hydronu'ters arc visible. 

The regulator analysis of lees and singlings will soon show at what 
position tlie small tdcohol hydrometers or alcoholometers have to stand 
to iivoid ;my possible loss. 

Now the temperature of the singlings running from the dephleginator 
is regulated by the water-cock on the condenser. If pure spirit is 
desired, the temperature for separtition of the fusel-oil appears to be 
87°-88° C., the best temperature being 87.8° C. As soon as the fusel- 
oil appetirs in the sight-ghiss of the separator it is drawn off either 
continuously or temporarily, while the singlings are returned to the 
wash-reservoir. 

For manufacturing rum no separation of fusel-oil is looked for and the 
temperature may be kept from 89° to 92° C., according to the quality 
of the rum required. The strength of the refined spirit should be 96%; 
for making ordinary rum 90 per cent to 92 per cent Tralles are suf¬ 
ficient as a rule. 

The spirit made is measured by the Siemens meter, shown at the 
left in Fig. 43. This still causes no loss oj alcohol, while in filtering and 
rectifying fully 2J per cent of alcohol is lost. The only by-product of 
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this automatic still for refined spirit (when using molasses wasli) is fusel- 
oil, which has a good market value. 

All the exhaust-steam of tlie engines can be used in the distillation. 

Only 2r)0 kilograms (I kilo = 2.2(1 lbs.) of steam are required for 1000 
liters (a lif('r=l quart) of wash, which is equivalent to one ton of coal 
(of good (juality) for 1000 imperial gallnns = 1120 Atnerican gallons of 
molasses. 

The construction of this st.ill is such that very little expense for repairs 
is necessary. 

The Ilges Automatic Rectifying-still,* used in (lermany for producing 
I)ure 96 per (*nt alcohol (192° U. ,S. proof) continuously from the wa.sh 
or from raw spirits, sej)arating in one operation the fu.se.l-oil and im¬ 
purities, is illustrated in Fig. 44. 

In this cut. the details of the construction are plainly indicated l)y 
the vertical scct.ional drawings. This still is elaborated and still further 
improved over the earlier type of the similar Ilges still shown in Fig. 37, 
piig(' 90. 

It will b(' noticed tliat t.his improveuK'nt consisted principally in the 
addition of a second or additional rectifying-column. This still has 
three very important advantages or features: 

]. It recovers or extracts 90 per cent of ail tlie al(x)hnl contained in 
tlie wash and produces it .as an absolutely' pure spirit of from 96 to 96.5 
lier cent strength by volume, nr from 192 to 193 ])er cent IT. S. proof. 

2. It recovers all the fusel-oil of a strength of SO per cent. 

3. It recovers all the low wines at a strengtii of 97 per cent by volume 
or 194 per cent U. S. proof. 

This still gives s.atisf.action no matter wlmt the nature of the raw 
materials used for the mashes; whether the mashes are thick and turbid, 
whether the wash or raw spirits contain dregs nr settlings, the pn)duct 
is equally good and is ol)taine.d free from all low wines, fusel-oil, or 
furfurol. 

As an example of the ability and capacity of this still to also jiurify 
raw si>irits tlie following example is given: A distiller owning one of these 
stills liad been in the liabit of distilling his niasli; working six liours a 
day to do so, using a still heated directly l)y fire, he found tliat, by running 
night and day eontinuously with this still for an equal period of six months, 
in purifying the raw spirits from a distillery company he increased 
the quantity of alcohol so obtained by more than fourfold without any 
change in his methods. 


* From Macrckcr-Dclbruck’s Handbuch der Spiritusfabrikation, 1903. 
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To return to the still shown in Fig. 44, it is seen that the wash is 
supplied .aulomatically, through the ])ipe H, from the elevated wash 
re.servf)ir or tank, to the still by the i)i]jes 3 and 4. 

In (he ease of distilling raw .spirits, the,so are supplied to t he .still, from 
the elevated tank at the ('xtreme right of the eut, mixed with warm >vater 
from the tank 0, l)y connecting the jiijie 4 to the still. 

Steam is supplied to the still through the st.eam-regulator F at the, 
lower right-hand .side of this cut. The spent, wash is (li,scharg('d through 
file lube 5 in the slop or spent-wash reguialor beside the still. This 
spent-wash or .slo)) regulating apparatus is jirovided witii a ileviee for 
testing the slop by an aleoliol hydrometer,to see if it Is free from alcohol, 
before it is di.scharged. 

The alcoholic vapors from the .still are conveyf'ii to the first reclihcr 
K bv the Jiil'e a, entering t.he rectifier at- it.s ba.se liv the tube (i. The 
objt'ct of this rectilier is to coiicenlraft' the alcohol to 9C,.,'i per ceiU and 
to remove the fus('l-<iil. 

.\t K then' is an (uiipty s]>acc in this first rectifier inti' which the 
vapors from the low-wine depUlegmator or cooler in. enter by the tube 7, 
anil where they are mixed uith the vapors from the still. The space 
between K and / is completely filled with porcelain halls. 

The high-proof alcohol va|)ors now jiass from the first rectilier K 
by the tube h info the second rectifier at 21, through the de])hlegma(or 
r, being thus freed from practically all of the contained aldelivdi'S, after 
which the condeased high-proof alcohol runs down through the iiorcelain 
balls in the ciiambcr.s 19 and IS through flie tube 23, bf'ing conveyed 
in a zigzag manner, wliere the sjurit is jiartially vaimrized and deprived 
of the last trace's of aldehydes in S, and the now absolutely ])ure alcohol 
vapors are now eonvcyiHl by the tube h to the final .spirit-condenser and 
the ])ur(' Ot).!) ])or cent alcohol is elrawn off at R. 

When the low-wine vapors mixed wif.h the fusel-oil are si'.parated and 
condensed by the deiihlcgmafor I from the pure alcohol vapors, they 
run down through the chambiws and arc conducted by / into the low- 
winc condenser and thence into the fusel-oil separator by the pipe 12, 
and the fu.sel-oil is collected by the [Vjic K) in the fusel-oil reservoir 11. 
The low wines pass on to the spent low-wine condenser, and their vapors 
(singlings) again pass into the first rectifier K l)y the tube 7 a,s stated. 
The spent low wines are tested at C Ijefore Ijeing discharged. 

Tlie tube c conveys tlic small amounts of tlie vapors of low wines 
(wliich get past the first to the second rectifying-column), containing the 
traces of aldchyde.s, to the condenser, where these bodies are rccondonsed 
and drawn off at S. 



THE DISTILLATION AND RECTIFICATION OF ALCOHOL. 103 

The Siemens Alcohol Meter.—In the description of the patent Stade 
:ontinuou.s still, on pages 96-9<S, it was stated that such still was pro¬ 



vided wit'.. th(' Siemens .alcohol metcir. These meters can, of counse, be 
used with ;iiic make of .similar still of large c.apacitics. In Tig. 4.5 is 



Fig. 46. —Sectional Drawing of tlie Siemens Alcohol Meter. 

shown an illustration of this meter. In Germany the wort is left to fer¬ 
ment for thirty hours, and is then conveyed to a patent still. On issuing 
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from the (condenser tlie spirit passes through a domed glass case in which 
is a gauging-cup. In tliis cup, into whirfi the spirit fl{)ws and from which 
it overflows, there float a thermometer and a hydrometer, to indicate the 
strength of the spirit passing. From this apparatus (similar in purpose 
to the American .separating-boxes) the spirit flows into a fsiemens meter, 
fit t(Ml with an indicator which records the quantity, reduced to the stand¬ 
ard of absolute alcohol, of spirit transmitted, and from the meter the 
sjjirit i)asses on to the receiver. A sectional drawing of this ingenious 
metering apiiaratus is shown in Fig. 46. 


AMERICAN ALC0II0I;-D1STILUNG APPARATUS. 

The Continuous Beer-still.—Turning now to American apparatus, 
in Fig. 47, p. 105, there is shown a patent continuous beer-still, with 
tulmlar heater and condenser combined, and cooler for high- and low- 
])roof s))irils. This still is made in c.apacitie.s of from 300 gallons of 
wash i)er hour to 1,3,000 gallons of wash per hour. It is also used for the 
production of high wines, which arc charged into the copper kettles as 
shown in Fig. 48, page 106. 

In using this continuous still for the production of high-jiroof 
sjiirits the return-pipe M is u.scd to carry back to the still the low wines, 
or singlings, condensed by the cold beer passing through the tubes, which 
arc surrounded by the vapor from the still. For low-proof spirit the pipe 
M is disi>cn.sed with, the vapor passing direct to the worm, or cooler. 

Returning to Fig. 4S, page 106, the Alcohol and Cologne Spirit Apjxira- 
iwi, it may lie said that the kettles nr stills are mailc, in capacities of 
from 50 to 600 Imrrels, with a rectifying-column, goose condenser, and 
final condenser, iinKlucing tlio highest grailes of cologne spirits and 
alcohol of a jiroof of 192 per cent or 96 jier cent alcohol. 

The cut shown in Fig. 49 on jiage 107 is the continuous “beer” still 
shown in Fig. 47, with the arldition of a goose condenser or tubular con¬ 
denser, whichever is preferred, with return to toj) chamber of still, the 
three or four top chambers being regular column chambers. The vapor 
passes from the goose to a final condenser, then through the tail-box to 
a small copficr receiving-tank, from whore it is drawn into the cistern, or 
if below the required proof, is returned to the still by means of the steam- 
sy])hnn. By this method alcohol of 180 per cent proof, or 90 per cent 
alcohol, can be produced by continuous distillation. 

A Continuous-distilling and Redistilling Apparatus is shown in Fig. 
50 on page 108. This cut represents an apparatus designed to fill the 
needs of a distilling and redistilling process continuously. It consists of 
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the continuous bcer-stil! fitted with brass i)oiling-caps and tuliular con¬ 
denser, the vapor outlet from which is discharged into the rectifying-kettle, 
which is supplied with a steam-boiling scroll, rectifier-c^olumn, goose, and 



Fig. 47.—Continuous Beer-still. Built by Hoftnmn-Ahlcrs Co., Cincinnati, Ohio. 

final condenser. It will produce a high-proof product, or it can be changed 
by means of gate-valves in the vapor-pipe into separate distilling and 
redistilling apparatus. The final condenser can be either a tubular or 
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worm condenser, whichever is preferred. By this a])paratus alcohol of 
188 per cent proof or 94 per cent strength can be made. 

From what has pniceded in this cliapter it is believed that no detailed 
description of the four types of stilts just describt^d is necessary. By 
imspeetion of Figs. 47-50 the details of their construction are ])lainly evi- 



Fig. 48.—Alcohol and Cologne Spirit Apparatus. Built by HoUman-Ahlcrs Co; 


dent, and we ,sec that they are designed on the basis of the theories of 
distillation which we have alrearly discussed. 

The Continuous Beer-still Apparatus.—This apparatus of the “con¬ 
tinuous ” type, shown in Fig. 51, [). 109, is simple in its construction and 
operation and most effective in results, producing a clear, sweet, high 
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wine of 150 per cent U. ,S. standard proof or 75 ])or cent alcohol by 
volume. 



Fig. 60.—Continuous Distilling and Redistilling Apparatus. 
Built by Hoffman-Ahlers Co. 


In the operation of this ai)paratus the beer is delivered to the still 
by means of the pump through the tubes of the heater. After entering 
the still it flows over plate A, which is perforated with copper-capped 
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holes, to down pipe B, by which means it enters seal C and again over¬ 
flows plate A in the chamber below. Thi.s ])rocess is continued until the 
bottom (diamber i.s reached, from wliich the .spent b(“er is automatically 
discharged through the automatic waste-valve 11. The level of the beer 
in the lower chamber i.s regulated by the float /, connected by means of 
a r<id to automatic ^’aivc E. 

iSteam enters a pc'rforated pi[)C in the bottom of the still tlirough 
manifold E. Connections arc made for both live steam F aiul e.xhaust- 
steam G. The sUaim entering the still at the bottom chamber passes 
upward through tiu^ tonguod holes in tli(' plates, thoroughly boiling out 
the beer flowing over tlie jilate and carrying with it the alcoholic vapors 
to the next chamber above. After reaching the toji chamber the ^'apors 
are conducted to the heater, ]>assing downward and around the tubes 
(through which the l)eer is being |)uniped) to the final condenser. 

This type of heater embodies several important imi)rovemeuls over 
th(' old style and ])erforms a double function, namely, he.'itiiig the beer 
and condensing the low-iiroof va](ors, the latter being returned to the 
still. 'I'he high-proof vapors pa.ss through to the final condenser to the 
tail-l>o,\ ir, when' they art' reconden.sed and conducted through pij)cs 
to t.h(' rect'iviiig-tank.s. 

A small portion of the vapors in the lower chamber an' conductetl to 
the slop-test('r .7. This consists of a small condtmst'r, and by means of a 
hydrometer-stem any lo.ss of alcohol is immediately detected. 

fl'he vi'.ssel M is also comw'ctt'il to t lit^ lower chamber, and tliti jiressure 
carried in the still is registen'd on tlie tally-ixiard K by means of the 
float A' in tiie. tufje. Tin; flout rises or lowt'rs according to the amount of 
pri'ssure brought to bear on the surface of the wtiU'r in the vesstfl Jt7. 
The ]in'.ssun' will vary at'cording to the number of chambers and ranges 
from one and a half to three ixmiids. 

T) are braces to su[)i)()rt lh(' centre of the plates in the stills of larger 
diameter; P are manheads; R, gauge-glasses; S, washout; Q, try- 
cocks; water inlet; F, water overflow; and Z, air-i)ipe. 7 is a small 
l)ipc conducting the alcohol to hydromcter-cu]) X, so that the quality of 
the ])ro<luct can be readily seen during the entire operation of the ajjpara- 
tus. Tills type of still is built as largo as nine feet in diameter. 

Following is a table of sizes of still and the number of gallons of wash 
they will handle per hour: 

20" diameter still. 400 gallons per hour. 

24" “ “ 500 “ “ “ 

30" “ “ 1000 “ “ “ 

36" “ “ 1500 “ “ “ 

40" “ “. 2000 “ “ “ 

48" “ “. 3000 “ “ “ 
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Spirit Apparatus.— The apparatus shown in Fig. 52, page 112, is de¬ 
signed to raise to a higher proof the product of the continuous beer- 
still apparatus previously described, and Ls built in sizes to charge from 
3 to 500 barrels. 

The still pro])er on the lower floor is built either in a horizontal or 
ujiright form. The horizontal stills are smalk'r in diameter and greater 
in length, while the upright stills arc greater in diainetcr and less in 
height. 

These stills have steam-coils, running horizontally with the still, 
by means of which its contents are brought to the boiling-point. The 
coils have one nr more steam inlets and outlets according to the size 
of still. The vapors pass upward from the still to the column by means 
of the dome and vapor-pipe on the top of the still. 

The end of the vaj^xir-plja' being siibmergeil in the column, the vapors 
bubble through the liqukl and ascend to the chamber above, the means 
of entrance being through the vapor-pipe and l)onnet, necessitating the 
passing of the vajKir tlirough the li(iui(l, or it returns twice in each 
chamber before it passes to tlie next cliambiT aixive. 

Ample sjjai'e is provided for the ])assage of the vapors between the 
top edg(' (>i the vapor-pipe a.nd tlie bonnet., with a corresponding space 
between the lower edge of the bonnet and bead or floor of the chatnbor. 
De.'-ing this process the vapors grow stronger in proof as they ascend 
to the top of tlic‘ column. 

While the high-proof vapiors are ascending, the returns are drop¬ 
ping back from chamber to chamber through tlie down jiipes, and find 
their way back to the still by means of tbe trap in tlie bottom of the 
column as shown in the cut. 

The liipiid in each cliamber is carried to tlie level of the down pipes 
as shown in the open section of the column. The vapor-pipes with 
their -jonnet coverings are also plainly .shown. 

The vapors on emerging from tlie top of the column arc conducted 
to a manifold connected to five sections of the “goose.” They are 
here split up and pass upw'ard and downward tlirougli the five sections 
until they reach the manifold or equalizing drum connecting the entire 
ten sections of the “ goose ” at the back end. The vapor after leaving 
the first five sections enters tlie next five sections and Ls forced upward 
and downward till it reaches the manifold on the front of the “ goose ” 
and passes on to the final condenser. 

The “goose ” is submerged in a tank of water and here the finer 
separations take place. Each of the bottom return bends is provided 
with a return pipe, and the returns, or low-proof alcohol, are conducted 
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back to the column by means of the trap]-)ed ret urn jjipe at the bottom 
of the “goose” tank. 

The final condenser may 1* either of the Hevis or tubular form. 
Ttie Hevis condenser consists of two cylinders, one within the oflier, 
leaving a sj)aee of about one half inch all iiround. A coj)]X'r wire of 
one half incli or five eighths inch diameter is soldered spirally aremnd, 
filling up the sjiace between the two cylinders, thus forcing the vapors 
to travel between the sinrals wliile being subjected to the cooling 
wafers in which the condcnsir is submerged. 

These condensers are built in sections and connected by means of 
bra.ss bends, as shown in the ojx'n part- of the ctif. At the lower end 
of the Kevis condenser is the sjarit outlet, to which is connected the 
tail-box, of tlie same pattern as described in connection with the con¬ 
tinuous beer-still ai)])arafus. 

The red urn or wash-out cocks on the right of the column are for 
draining tlic chambers. The small cocks on the left of the column 
an; tfst-i-ocks. The cock on the bottom of the trap in tlie I'cturn-iape 
from “goose” to column is for running off tlie fnscl-oil after the column 
has been in o|x'ra1ion for some length of time. The smaller ])i]x; enter¬ 
ing the t"p of this fra)i and connected to the “goose” tank is used in 
washing out the column and charging the chamlxrs of the column 
after tbev have been drained. The still i.s also provided with a gaugc- 
ghiss, manliead, vacuum-^■alvc, eharge-cock, blow-oiit eoek, and pres- 
suro-gauge. 

Fig. 5:! sL-iws the “kettle” or upright still, which is provided with 
steam-coils, and witli one or more stcuun inlets and outlets, according 
to the si/.e of tlie still. The interior arrangement of the chambers in 
this 1\pe of column arc of an entirely different construction from the 
one just described in log. 52. 

'I’i'is constructiem is plainly shown in the enlarged detail. The 
vapor-piiKs with their bonnet coverings arc netilinear, splitting up 
the eajiors more thoroughly and subjecting them to a more complete 
washing. The travel of the returns in their downward cour.se over 
the heads or plates is also much longer than in the jireviously described 
column and the number of elmml«rs more than twice iis many. 

The column l«ing eonneeted directly to the still, with tlie tubular 
separator in jdace of the “goose,” and tlie tubular condenser make a 
compact apparatus, retphring much less space both in regard to floor- 
space and height, as compared to the other type. 

By referring to the cuts showing the detail construction of the heads 
or plates the upward course of the vapor and the downward course of 
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the nturiis, or weaker alcoholic liquor, arc plainly shown liy the darts. 
(Sec I’if^. 5:;. ]iasc 115, where the arrows indicaie the flow of returns 
over heads and the va]K)r course through the chanihcrs of the column 
of this still.) 

The lulmlar separator has a diaphrastii Ihroufjh its centre, evith the 
side's anel top I'ive'le'd tei the- sides of the' she'll tuiel upper-tube liead, 
leaving it o]K'n em the lowe'r enel. The vajeor e'lilers the> tubuleir eea;- 
eleiiser at the' top, surrounels the tubes (threiugh which the' e'e«iliug-w;iter 
is piassing eai its dowiiwarel eeeurse'), anel ])asses tlii'ough the bedtoiii 
opening ejf the dieqehragin em its iijewarel e-enirse lee tiie' emtlet anel final 
cemek'iiser. 

h'eir the' large'!' stills e)f this type', the .se'piinitor fiirni.she el with this 
style eif ap]i:iratus heis se\eral eiistinguishing feature's, making it a 
su|K'rior appareitiis in e'\e'r\ re'spee't .-is coiiipeireel with the' eihl style' 
etf the s:ime type. The fe'iitiire'S of this fyiee' eirc its sinqilie'ity, cemipiie-t- 
ness, :uid eflie'ie'iicy. It jereMluce'S a grade eef :ile'eiheil e'imnentl\ cle;in 
anel sill isfiii'tory. 

In big. 5:j the arrows imlie'ate' flow of re'turns ovew beeids :mel 
vapor e'our.se' through e'hainbe'i's; the di'tail eif e-eilumn ehambe'rs is eilse) 
sheiwn. 

In tlie fie'lel of elistillery eijK'ration in the* I’nited States are to be femnel 
plants of the- nieist treinendeius size, the' like eif whie-li can be seen in no 
either part of the weirld. The'.se e'oleissal cst.'iblishments, in whie-h from 
ten to fifte'cn Ihousae.el bushe'ls eif grain iirc lumdleel elaily, e'all feir ,'qqiara- 
tus of the highest perfection in elesign ;inel cemstrue'iive detail tei e'xjxeli- 
tiemsly anel e'ffeetively aeceimplish the ele'sire'd rc.siilts. This ajijilies in 
particular tei the rectifying de'p;irinie'nt eif the distillery, whe-ri' the .suc- 
e'e'ss-ele'termining faeteir eif the entire eipe-ration is e'e'iitreel. The' 
rrctlljiiiiii iijipiirntuR illu.strated in l''ig. ,54 is in use in nearly ;dl of the 
large,st .Amerii-.an elistillcries. The' X'ulean (Tipper Weirks Ceinqamy, of 
Cincinnati, Ohiei, are tlie builelers. 

The component parts of the apparatus as a whole are the still at the 
base, tei which is cemnected the rcetifying-column, freim whence the 
vttpoi-s preie'eeel into the goose separateir ami then iiitei the final ceindcnstr. 
The still, whie'h as here jiresciited is horizontal in ceinstructiein, is like¬ 
wise built upright or kettle-shiipe-ej. The largest of these stills has a 
capai'ity of twenty-five theiu.sai'.d galleins. They are built eif fieavy 
cofiper-plate threiugheiut, se'curely riveted and seilelercd. He.at is applied 
by means of longitudinal steam-coils firmly .stayeel in the botteim eif the 
still. The foundatiein sujiports I'onsi.st eif brick or e'oncretc saelelle-piers 
spaced at reqiii.site intervals anel pxteneling half-way up the sides in 
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which the still resLs. A glass gauge, inanhcad, cliarge-cock, and discliarge- 
cock comprise the attachments. In tiie centre of the top is a dome in 
which the vapors arc accumulated Ijcforc pa.ssing over into the column. 

A column of ])ro]X)rtionat(‘ size to tiiat of the still specified above is 
6 f('et in diameter and stands 40 feet. high. It is composed of a series of 
individual chambers each containing an (‘(luipment of espc'cially con¬ 
trived boiling-pi[)es and ca])s so applicil as to obtain a most thorough 
distribution and highly effective wash of t.he v'apors as they ascend 
through t.he column chamlx'rs. Down-])ii)es for returning tlu‘ jiroducts 
cnndens(!d out of the vapor also form a part of the equi])ment for each 
chamber. Out of the bottom chamber is a connection for carrying these 
accumulated returns back into the still. On this interior construction 
detail of thi^ column is dependent the entire eflicieuey of the ajjparatus. 
Ret.ui-n-cocks are provided iti all the chambers for draining th(' contents 
successively from one chamber to the ne.xt preparatory to cleansing the 
apparatus. 

The goose separator consists of a series of copper-pipe se<'tions, the 
indh’idual [lipes l)eing connected one to the other by means of copper 
returii-liends. 'There are six of these sections, each containing twenty 
pipes n'i)resenting an aggregate of 15(10 square feet of .separating surface. 
Tile wliole is eoiilained in a steel water-tank S feet wide liy 22 fe<'t, long 
by SI feet deep. Tlie purpose of this .se])arator Is to effect a final minute 
and delicate separation of tlic vapors after leaving tiio column. Tlic 
condensed products in this separator are returned into tlie ui)per-('ulumn 
cliamber. 

'The condenser is of tlie internal tubular type, in wliich tlie vapors pass 
tlirougli tlie tiilx's and the cooling-water surrounds tliem. it is 00 inehe.s 
in diameter and 24 feet liigh. The finished spirit discliarges from tlie 
iiasi' of the condenser into a separating liox witli glass sides, tlirougli 
wliieti tlic flow of tlie spirt can Ix' oli.s(>rv('d. 

Till' apparatus is particularly st.riking liecause of the simplicity of the 
operating detail and the entire absence of any intricate adjustments 
calling for attimtioii from tlie operator. It produces an absolutely pure 
neulral spirit free from cvi-ry contaminating impurity, 192 per cent U. S. 
proof, corresponding to 9(i per cent by volume in strengtli. 

A Distilling Apparatus, the invention of W. E. Lummus, Lynn, Mass., 
is shown in Fig. 5.5, page 118. 

The combined effects of a baffle-plate and fractional condensation 
arc effected by this construction. Cross-currents of the vapors are thus 
produced and the utmost degree of concentration of the vapor is aimed 
at by this device, while an extension of this one chamber shown can 
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easily be made by bolting a number of other cliambors together. The 
rectangular form of the said chambers secures uniform action of the 



H 



Fig. .55.—^The Lntninus Patent DiRtiUiag Apparatus. 

liquids and vapors upon one another. The liquid descending the column 
through the pipes G always moves in a general direction ojtjxtsite to that 
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of the ascending vapor, which bubbles through the pools of alcoholic 
liquid shown in the cut, and, as the teraporature is highest in the bot¬ 
tom chajnbcr, the liquid, which leiives each chamber at its hottest point, 
enters the next lower and warmer chamber at its coolest point and is 
therefore constantly encountering hotter vapor and absorbing more heat 
from the vapors in contact with the outside of the pipes G, which are the 
conductors for the condensing medium and arc arranged in inclined rows, 
as shown, and act us deflectors to the ascending vapors. Thus absorption 
of heat effects a fraetioniil condensation of the least volatile vapors, 
which fall in a spray on the diaphragms FF' and joining the di.scard from 
the down ])ipes IJ (the returns) are swept down into the next lower cliam- 
ber to be redistilled, this process continuing until the contents of the 
charge liavc all been distilled and thus S(‘i)aratcd into high-proof alcohol, 
which is finally condensed from the ascending vafxjrs of pure alcohol, 
while the spent alcohol-free wash remains in the still, as this apparatus 
is intended not for continuous but periodic distillation. Upon recharg¬ 
ing the still the operation of distillation is ag.ain begun. 

In I'ig. 56., page 120, are shown two “separating-boxes.’' 

The method of testing the strength of the spirit during the dLstillation 
by means of an alcohol hydrometer becomes readily apparent ujjon an 
inspection of Fig. .56. The upi>(>r box shows a side pipe from which 
the spirit enters the, hydrometer-jar inside this box on turning the cock. 
The lower box shows a different design for the same purpose. The 
spirit as it is distilled and condensed flows through these boxes, which 
are locked and under the control of the U. S. inspector, to the receiving 
cistern. 


SnMMAEY OF Ohaptfk 111. 

In summing up the different reasons for the very remarkable de¬ 
velopment in the intricate and delicate distilling apparatus shown and 
the perfection attained in these high-class types of practically perfect 
(»ntinuous and periodic fractionating stills no one advance in the long 
scries was more notable than the, application of steam to the purposes 
of (lislillation. 

It nnulercd possible the extended ajjplication of the continuous-dis¬ 
tilling me! hod and praetieally revolutionized the art. 

iSoiiie dilution occurs from the use of sham, but the quality of spirit 
produced Is naturally much bethT. The use of steam rendered possible 
the availing of the residue of the distillation, in case such was valuable, 
for an ingredient in the rations for feeding cattle, and in this country 
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Buch residue or slop from distilling corn and grains Is largely so employed. 
A still further marked advantage in the use of steam is the freedom from 
any obstructions duo to .accinmiliitions of .solid matter in the stills, and 
which is now prevented by the more active ebullition when the heat is 
supplied in this manner. This re.suit.s in a much less cost for cleaning 
and repairing these intricate^ and expensive stills, a matter of great im¬ 
portance in the c(a)nornics of tlu! manufacture of alcohol. 

In the choice of a still so many factors enter into the case that no 
arbilrai'y rule can be laid (iown. Local conditions, the naturt; of the 
mash, the cost of the wat('r obtainable, the cost of the coal, etc., arc, 
hew('ver, a few factors which may be mentioned. 

An alcohol still is like any other piece of apparatus whatever bo its 
nature, in that it should be chosen with the idea of its being as near 
perf'-ctly adapted as possible to tlu; conditions and the purposes in hand. 

The production of alcohol and its extraction from the fermented 
mash Ikpior or wash has been explained in Chapters II and III. 

After being distilled the alcohol in this country is naieived in cisterns 
or (Stored in tanks in accordance with the U. S. regulations for dis¬ 
tilled .spirits, Troiii tlicso tanks it Is drawn off for tlie filling of packages 
by antomatit barrel-lillcr.s. Th(! operation of these fillers is shown in the 
view given in I'ig. Tu below. 



Fig. 57.—Automatic Barrel-fillers. 



CHAPTER rv. 


ALCOHOLOMETRY. 


The Dctonnination of Alcoliol l>y (he Alooholomctcr. TIic Detennination of 
Aleoiiol liy Distillation. 'I'lio .\lcohol 'r;ii)l.'s Adopted hy the A. O. A. C. The 
T\ S. ITixif (iailoit, Wine flallon. and Ta.'eabh' flallon. Tlio U. >S. Alcohol Tablc.s 
for (he ('onlrol {>[' Dfnmtnn’d Alcoliol. h'lie De(.<‘<‘tion aiul IX'tenninatiou of Ethyl 
and Methyl .Meohols in Klixtures liy (he Iniinersion Hefractometer. The Deter¬ 
mination of Methyl .Meohol in Denatured Aleolml hy the Immersion Refraetomc- 
ter. 'tests for the Dett'etion of Acetone, Methyl Alcohol, and Ethyl Alcohol. 
The Denatured .41eohol Motor for Laboratory Power Puritosc.s. 

The Determination of Alcohol by the Alcoholometer.* — ‘The. alco- 
holonieter tisitally (tmployed is known by the natne of Gay-Lussae, from 
th(' elK'inist who first made ])raetical use of it in the detenninalion of 
(deohol. It is comstrueted in such a way as to read directly tlie volume 
of al)Soh(te alcoliol contained in one hundred volumes of the liquid :il a 
temperature of ]5°.(). The inst.ruments cmidoycd should be ctirefully 
ctilibrtiled and thoroughly cleaned by washing with absolute alcohol 
bef< ire use. The stem of the instrument must be kept free from any greasy 
substance, and this is secun'd by washing it with ether. After this hist 
w.'ishing the tinalyst should be careful not to touch the stem of the 
in.strumt'iit with his fingers. It is most convenient to make the 
cleterniination exactly at l.')°.(i, but when made at other temiieraturcs 
the roiuling of the instruments is corrected by tables which may be found 
in works especially devoted to the analysis of wines.” 

In this country the alcoholometer is used to some extent. A cut of 
the U. S. Gustoins hydrometer for alcohol and spirits is shown in 
Fig. hS.t This instrument has four scales; two scales in the stem. 
The one marked “Tralles” indicates the direct volume percentage of 
alcohol and water when floated in spirits. The second scale is the U. S. 


* Wiley in “Principles and Practice of Agricultural Analysis,” pp. G12-16. 
‘'Tlio quantity of alcohol in a mixture maybe determined by ascertaining the tem¬ 
perature of the vapors produced on boiling. Tliis is tlic principle involved in tlie 
use of the ebuUioscopc. This method is not employed tdany extent in this country.” 
t Furnished by Eimer & Amend, New York. 
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proof scale running from the mark P (being equal to proof or 53.71 
per cent by volume of water and 50 per cent by volume of alcohol) up 
to 100 and down to 100, indicating in this way the number of degreeg 
below the ])roof (below 50% alcohol), and above proof (indicating the 
degrees above 50% alcohol). The body of the hydrometer contains 
two .sets of scales, one giving direct degrees of teiiqieraturc in 
Fahrenheit, and the other three scales to the loft and two to the right 
indicatf' the number of degrees to be lulded or deducted a(^cording to 
U'mjierature. The same instrument is also made without the thermom¬ 
eter and without the temjicraturo correction. 

‘‘ In this country the official method is based upon the doterraiiia- 



tion of the specific gravity by an instrument constructed in 
('very respect like the alcohoiometcu', but giving the sjiecific, 
gravity of the li(p»or at 15°.0 instead of its pcrcoiitage by 
volume in alcohol. The reading of the instrument having been 
determined at a temperature of 15°.5, tlu- corresponding per¬ 
centage of aksihol by volume nr by weight is taken directly 
from the tables given further on.” (A. 0. C.) 



Fiu aS. 


I'm. 59. 


Fig. 58. The 11. S. Customs Hydrometer for Alcohol and Spirits. 
. Fig. 59. Metal Distilling Apparatus. 


The Determination of Alcohol by Distillation. —“The metal appa¬ 
ratus employed in the laboratory of the Department of Agriculture for 
the distillation of fermented beverages in order to determine the 
percentages of alcohol by the method given above is shown in Fig, 59. 
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The apparatus consists of a retort of copper, carried on supports in 
such a way as to pcnnit an alcoliol or Bunsen lamp to be placed under 
it. It is connected with a block-tin condenser, and the distillation is 
received in a tall yra<luatcd cylinder, jdaced under the condenser, in such 
a way as to ])revent the Joss of any alcohol in the form of vapor. 

“ Exactly 300 cubic centimeters of the wine, or fermented beverage, 
arc used for the distillation. Any acid wliich the wine contains is first 
satrurated with eakdum carbonate before placing in the retort. Exactly 
100 cubic ('('utimeters of distillate are collected and the volume of the 
distillate is c,omplcted to 300 cubic centimeters by tlie iuldition of 
recently distilled water. The cylinder containing the distillate is brought 
to a temperature of 15°.G, the alcoholometer inserted, and its reading 
taken with the usual precautions. 

“ Offirial Mdhnd. — Th(! alcoholometer employed in the official 
methods are calibrated to agree with those used by the officers of the 
Bureau of Internal Bevenue. They arc most conveniently constructed, 
carrying the thcrmometcr-scalc in the same stem with that showing the 
specific gravity. It is liighly important that the analyst lussure liini- 
self of the exact calibration of tlie instrument before using it. liias- 
■much as the volume of the distillate may not bo suited in all cases to 
the use of a large alcoholometer, it is customary in this laboratory to 
determine the specific gravity by means of tlie hydrostatic balance. 
Attention is also called to the fact that in tlic official method direc¬ 
tions are not given to neutralize the free acid of the fermented bi'vi'ragc 
before the distillation. Since tlie Internal Revenue Bureau is con¬ 
cerned cliiciiy with tlie determination of alcohol in distilled liquors, 
tills omission is of little cnnscquencc. Even in ordinary fermented 
beverages the jiBrccntage of volatile acids (acetic, etc.) is so small 
as to make the error due to the failure to neutralize it of little conse¬ 
quence. In order, however, to avoid every po.ssibility of error it is 
recommended that in all in.stances the free acids of the sample be 
neutralized before distillation. In this laboratory the distillations are 
conducted in a glass apparatus, shown in the accompanying figure. 
Tlie manipulation is as follows; 

“ One hundred cubic centimeters of the liquor are placed in a flask 
of from 250 to 300 cubic centimeters capacity, fifty cubic centimeters of 
water added, the flask attached to a vertical condenser by means of a 
bent bulb tube, 100 cubic centimeters distilled, and the specific gravity 
of tlie distillate dctcmiined. The distillate is also weighed, or its weight 
calculated from the specific gravity. The corresponding percentage of 
alcohol, by weight, is obtained from the appended table and this figure 
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multiplied by the weight of the distillate and the result divided by the 
weight of the sample gives the per pent of alcohol, by weight, con¬ 
tainer! therein. The percentage of alcohol by volume of the liquor 
is the same as that of the distillate and is obtained directly from the 

tables on pages 127-140. _ • 

“In distilled liquors about thirty grams are diluted to loO cubic cen¬ 
timeters, 100 cubic centimeters distilled, and 'the jior cent of alcohol, 
by weight, determined as above. The percentage of alcohol, by volume. 



In the distillate is obtained from the tables mentioned. This figure 
divided by the number expressing the volume in cubic, centimeters of 
• the liquor taken for the determination (calculated from the specific 
gravi1|@ and the result miiltiiilied by 100 gives the per cent of alcohol, 

by volume, in the original liquor. 

“ Determining the SjxcificGramty of the Di.iiiZWc.—The specific gravity 
of the distillate may bo determined by the pyknometcr, alcoholometer, 
hydrostatic balance, or in any accurate way. The volume of the dis¬ 
tillate is not always large enough to be conveniently used with an alco- 
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holmeter, (‘.specially the largo ones oniployed by the Hurenu of Internal 
Revenue. In the laboratory of the Agricultural Department it is cus¬ 
tomary to (letennine the density of the dislillute by the liydrn.static 
balance, consi,sting of an analytical balance and Westphal sinker. The 
.specitic gravity is in each case determined at 1.1° .6, referred to water 
of the same temiKTature, or if at ,a different temperature, calculated 
thf'reto. 

'■ Vakulaiing Results .—The specific gra\’ity of the alcoholic distillate 
having been determined by any ajiproved method, and corri'cted to a 
tempi'rature of 15°.G, the corresjionding per cent of alcohol by volume 
and by weight is found by consulting the following Tables i and 11, 
which are the ollicial tables adopted by tlie Association of Ollicial Agricul¬ 
tural Chemists, November 14-lG, 1901. If the specific gravity found 
fall between tno numbers in these tables, the corresponding per cents 
are deterniined by interpolation.” 
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REFERENCE TABLES ADOPTED BY THE ASSOCIATION OF OFFICIAL 
AOHlClJi/rUllAL CHEMlS'l'S. 


(November 14-10, 1001.) 

Table I.— Specific Ghavity and Peiickntage of Alcohol. 
(According to St^uibb.) 
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0 96117 
0.9288 
0.9267 


81 

82 

86 

84 

85 


0.8611 
0 8581 
0.8.5.57 
0.8526 
0 8496 


0 85.60 
0 8500 
0 8476 
0.8444 
0 8414 


16 

17 

18 

19 

20 


0 9,802 
0 9789 
0 9778 
0 9766 
0 9700 


0 9776 
0 9759 
0 9746 
0.9766 
0.9720 


51 

.52 

53 

51 


0 9626 
0 9606 
0 9283 
0 9262 
0 9212 


0 9246 
0,9220 
0 9205 
0 9184 
0 9104 


80 

87 

88 

89 

90 


0 8466 
0.8464 
0.8408 
0 8676 
0.8640 


0 8684 
0 86.52 
0.8620 
0.8291 
0.82.58 


21 

22 


24 

25 


0 9756 
■J 9741 
0 9728 
0 9710 
0 9709 


0 9719 
0 9706 
0 9692 
0 9678 
0.9668 


.50 

57 

58 

59 
00 


0.9221 
0 9200 
0.9178 
0.9160 
0.9165 


0 9 M3 
0 9122 
0 9100 
0 <K)81 
0 1«.56 


91 

92 
96 
94 
9.5 


0 8305 
0 8272 
0 8267 
0 8199 
0.8164 


0.8223 

0.8191 

0.8156 

0.8118 

0.8083 


26 

27 

28 
29 

3% 


0.9098 
0 9691 
(1 9678 
0 9665 
0.9052 


0.96,55 

0.9046 

0,9661 

0.9017 

0.9606 


61 

62 

63 

61 

05 


0 9113 
0 9090 
0 9009 
0 9047 
0.9025 


0 9064 
0 9011 
0 8989 
0 8969 
0 8947 


96 

97 

98 

99 
100 


0 8125 
0 8084 
0 8041 
0 7995 
0.7946 


0.8044 
0 8003 
0.7960 
0.7914 
0.7865 


61 


33 

34 

35 


0.9043 

0.9631 

0.9618 

0.9009 

0.9593 


0.9594 

0.9582 

0.9567 

0.9556 

0.9538 


60 

0.9001 

0 8923 

67 

0 8973 

0.8895 

68 

0 8949 

0.8870 

09 

0.892.5 

0 8846 

70 

0 8900 

0.8821 
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DENATURED OR INDUSTRIAL ALCOHOL. 


REFERENCE TABLES, A._0 A. C. 

Taule II.—Perce.ntaue of Alcohol. 

(Recalculated from tlic Jcteniiinatioiis of Ciliiin, Drinkwater, aad Squibb.) 



1.00000 , 
0 . 0 > J!«)2 

o.oyosj 
o.oimru 
o.yyi)(i.s / 


o.oyyoi 

0 25 

0 20 

0 20 

I 0.99065 

2.25 

1 1 79 

1 1 78 

0 yyy.w 

0.20 

0.24 

0 24 

0.99058 

2.20 

1.82 

i 1.82 

o.yy'Ho 

0 25 

0 28 

0 28 

0 99051 

2.35 

1 87 

1 S(> 

o.osiy:!? 

0 40 

0 22 

0 22 

0 99042 

2.40 

1.91 

1 uo* 

o.yyyni) 

0.45 

0.20 

0.20 

0 99020 

2.45 

1,95 

] !)4 

0 yyyio 

0 .50 

0.40 

0 40 

0 99029 

2,50 

1.99 

1 98 

o.yyyis 

0 55 

0 44 

0 44 

0 99022 

2.,55 

2.02 

2 02 

0.99007 

0 00 

0.48 

0 48 

0.99015 

2.00 

2 07 

2 00 

0 99900 

0 65 

0..52 

0.,52 

0.99007 

2.05 

2 11 

2 10 

0.99892 

0.70 

0.50 

0 50 

0 99000 

2.70 

2 15 

2.H 

0.99SW 

0 75 

O.CO 

0.00 

0 99592 

2.75 

2.19 

2 18 

0.99877 

0.80 

0 04 

0 04 

0.99580 

2 80 

2 22 

2 22 

0 99809 

0 85 

0.07 

0.07 

0.99579 

2.85 

2 27 

2.26 

0.99801 

0.90 

0 71 

0 71 

0.99571 

2 90 

2 31 

2.30 

0.99854 

0 95 

0.75 

0.75 

0.99504 

2.95 

2 25 

2.34 

0.99849 

1 00 

0.79 

0.79 

0.99557 

3 00 

2.39 

2.38 

0.99842 

1.05 

0.82 

0 82 

0 99550 

2 05 

2.43 

2 42 

0.99824 

1.10 

0.87 

0.87 

0 99542 

2 10 

2 47 

2 46 

0.99827 

1.15 

0.91 

0.91 

0 99520 

2.15 

2 51 

2 50 

0.99819 

1.20 

0.95 

0.95 

0.99529 

3 20 

2.55 

2 54 

0.99812 

1.25 

0.99 

0.99 

0.99522 

3 25 

2.,59 

2.58 

0.99805 

1.20 

1.02 

1 02 

0 99515 

3 20 

2.04 

2 62 

0.99797 

1.35 

1,07 

1 07 

0.99.508 

3.25 

2.08 

2.60 

0.99790 

1.40 

1.11 

1.11 

0.99,501 

3 40 

2.72 

2 70 

0.99782 

1.45 

1.15 

1 15 

0 99494 

2 45 

2.70 

2 74 

0 99775 

1 50 

1.19 

1 19 

0 99487 

2..50 

2.80 

2 78 

0.99708 

1..55 

1.22 

1 22 

0 99480 

2 55 

2.84 

2 82 

0.99700 

1 (W 

1 27 

1 27 

0.99472 

3.00 

2,88 

2.86 

0 99752 

1 05 

1 21 

1.21 

0.99400 

2.05 

2.92 

2 90 

0 99745 

1.70 

1.25 

1.25 

0.99459 

2.70 

2.90 

2:94 

0.99728 

1.75 

1.29 

1.29 

0.99452 

3.75 

3.00 

2 98 

0.99721 

1 80 

1.42 

1.42 

0.99445 

3 SO 

2 04 

3 02 

0.99722 

1 85 

1.47 

1.47 

0.99428 

2 85 

3 08 

3 00 

0.99710 

1 90 

1 51 

1 51 

0.99431 

2 90 

3 12 

3 10 

0.99708 

-4>- 

1 95 

1..55 

1 

1.55 

0.99424 

3 95 

3.10 

3 14 
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REFERENCE TABLES, A. 0. A. C. 

« 

Table II, —Peucentaoe of Alcohol— {Coniinued). 


Specific 

Gravity 

. r 

M ' • 


AlcoLul. 


Specific 

Gravity 

Alcohol. ^ 

Per CcMit 
by 

Volume. 

Per Cent 
by 

Weight. 

GraniR 

pet 

100 c.c. 

Per Cent 
by 

Volume. 

Per Cent 
by 

Weight. 

Grams 

per 

100 c.c. 

0.08417 

4.00 

3.20 

3.18 

0.99149 

0 00 

4.80 

4.76 

0.00410 

4.05 

3 24 

3.22 

0.99143 

G.05 

4.84 

4,80 

0.9940:i 

: 4.10 

3.28 

3.26 

0.99136 

6.10 

4.88 

4.84 

0.99397 

4.15 

3.32 

3 30 

0.99130 

6 15 

4.92 

4,88 

0.00300 

4 20 

3.30 

3.34 

0.99123 

6.20 

4.90 

4.92 

0.00383 

4 25 

3.40 

3 38 

0.99117 

0.25 

5.00 

4.96 

0 0037C 

4.30 

3 44 

3 42 

0.99111 

6.30 

5.05 

5.00 

0.08300 

4.35 

3 48 

3.40 

0.99104 

6.35 

5.09 

5 04 

,0 99393 

4.40 

3.,52 

3 .50 1 

().91H}98 

6.40 

5,13 

5.08 

O.903f)O 

4 45 

3.,56 

3.54 

0.99091 

0.45 

5.17 

5.12 

0.99349 1 

4.,50 

3.60 

3 58 

C 99085 

G .50 

,5.21 

5,16 

0 99342 

4 55 

3.04 

3.62 

0 9‘K)79 

0..55 

5.25 

5.20 

0.80335 

4 60 

3.08 

3 00 

0.99072 

0.60 

5 29 

5.24 

0 99329 

4 65 

3.72 

3 70 

0.990GG 

6.05 

5.33 

5.28 

0 00322 

4.70 

3.76 

3.74 

0 99059 

0.70 

5.37 

5.32 

0.0031,5 

4 75 

3 80 

3.77 

0.990.53 

6.75 

5 41 

5.30 

0 00308 

4 80 

3.84 

3.SI 

0 99047 

G.80 

5.45 

5.40 

e 00301 

4 85 

3.88 

3.85 

0.990.0 

G.85 

5.49 

5.44 

0 99295 

4 90 

3.92 

3.89 

0 99034 

0.90 

5.53 

5.48 

0 992SS 

4.95 

3.96 

3.93 

0.99027 

0.95 

5.57 

5.52 

0.992S1 

6 00 

4.00 

3 97 

0.99021 

7.00 

5.01 

5.56 

0 90274 

5 05 

4.04 

4 01 

0.99015 

7.05 

5.G5 

5.60 

0 9020,8 

5 10 

4 08 

4.05 

0.99009 

7.10 

5.09 

5.64 

0.00201 

5.15 

4 12 

4 09 

0.99002 

7.15 

5.73 

5.68 

0.9025.5 

5 20 

4.10 

4.13 

0.9899() 

7.20 

5.77 

5.72 

0 0024S 

5 25 

4 20 

4.17 

0.98990 

7.25 

5.81 

5,76 

0 90241 

5 ,30 

4.24 

4.21 

0.98984 

7.30 

5.86 

5.80 

0.08235 

5 35 

4.28 

4.25 

0.98978 

7.35 

,5.90 

5.84 

0 90228 

5 40 

4 32 

4 29 

0.9S071 

7.40 

5.94 

5.88 

0.99222 

5 45 

4.30 

4.33 

0.98905 

7,45 

5,98 

5.92 

0.99215 

5,50 

4 40 

4.37 

0.989.59 

7..50 

6.02 

5.96 

0.99208 

5 55 

4.44 

4.40 

0 98953 

7..55 

G.06 

6.00 

0.99202 

5 60 

4 48 

4.44 

0 98947 

7 GO 

6.10 

6,04 

0,9019,5 

5 65 

4 52 

4 48 

0,98910 

7.G5 

0.14 

6,07 

0.09189 

5.70 

4.50 

4 52 

0.98934 

7.70 

6.18 

0.11 

0.99182 

5 75 

4 60 

4.,50 

0.98928 

7.75 

0.22 

6.15 

0.99175 

5.80 

4 64 

4.60 

0.98922 

7.80 

6.26 

0.19 

0.99169 

5 85 

4.08 

4.04 

0 9891G 

7.8,5 

0..30 

6.23 

0.99102 

5.90 

4.72 

4.68 

0.98909 

7A)0 

6.34 

6,27 

0,99150 

5.95 

4.76 

4.72 

0.98903 

7.95 

6.38 

6.31 
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DENATURED OK LNDUSTRIAD ALCOHOL. 


UEFERENCE TABLES, A. 0. A. C. 

Table II. —I’ehcentaue of Alcohol — {Continued}. 


8]>ccilic 


.'Mcohul. 


tiniviiv 




Ut 1'. 

I’er (Vttt 

Per Cent 

(irains 

()0 

Volume 

by 

W.-igbl 

JUT 

lOU <• 1-. 

0.nK897 

8 00 

0 42 

0 55 

0 il.VSOi 

8 05 

(1 4(1 

0.59 

O.UUSSy 

8 10 

G 50 

0 -15 

0 i).SS79 

8 IS 

(j 51 

0,17 

0 !l,S.S7:i 

8 20 

0.58 

0 51 

0 (ISS(>7 

8 25 

6 02 

0 55 

0 ys.sGi 

8 80 

G 07 

0 59 

0 y.sn.'ifi 

S ijo 

G 71 

0 05 

0 1IS,S4« 

s -io 

G 75 

0 07 

0 i)ss4;i 

S -J5 

G 79 

0 71 

0 !(ss:i7 

S 50 

G 88 

0 75 

0 !)SS<9I 

S ’>5 

0.87 

0 79 

0 iissyf) 

S 00 

G 91 

0 S5 

l) ilSSli) 

.S ()5 

0 95 

0 .S7 

0 DiSSKi 

S.70 

G 9)1 

0 91 

0 9SS07 

-S 75 

7 08 

0 95 

0 9.S.S01 

S SO 

7 07 

0 99 

0 <),S7».'i 

S.S5 

7 11 

7 05 

0 <,).S7S<) 

iS.OO 

7 15 

7 07 

0 <)87H.'J 

8.05 

7 19 

7 11 

0 9S777 

9 00 

7 28 

7 1-1 

0 i»S771 

0 05 

7 27 

7 IS 

0 987(15 

0 10 

7 81 

7 22 

0 98759 

0 15 

7 85 

7 20 

0 98754 

9 20 

7 89 

7 50 

0 98748 

0 25 

7.48 

7 51 

0 98742 

9 50 

7.48 

7 5S 

0 987;i() 

9 55 

7.52 

7 42 

0.98780 

0.10 

7 5(1 

7 40 

0 9872) 

9 ‘15 

7 GO 

7 50 

0 98719 

9.50 

7 01 

7 54 

0 98718 

9 55 

7 08 

7 58 

0.98707 

9 00 

7 72 

7 02 

0 98701 

9 05 

7 70 

7 00 

0 98095 

9.70 

7 80 

7 70 

0.98089 

9 75 

7 84 

7 74 

0.98088 

9 SO 

7 88 

7 7S 

0.98078 

9 S5 

7 92 

7 S2 

0 98072 

9 90 

7.90 

7 85 

0 98000 

9 95 

8 00 

7.89 



1 

\I.-oliol. 


Spoejiic 

1 _ 



(-iruvjl \ 

. m’ „ 
“^0 

I\'i (’flit 

Vi.llinif 

Pel ('etil 
by 

Wei^hl 

[ 

< I rums 
lier 

100 c.e. 

0 9S0G0 

10 00 

S 04 

7 98 

0 98051 

10 05 

S OS 

7 97 

0.98049 

10 10 

S 12 

8 01 

0.9804 8 

10 15 

S IG 

8 05 

0 98087 

10.20 

S 20 

8 09 

0 98(182 

10 25 

S 24 

8 13 

0 98020 

10 80 

S 29 

8 17 

0 98020 

10 85 

s 

8 21 

0 98014 

10 40 

s 147 

8.25 

0.98009 

10 15 

S 41 

8 29 

0.98003 

10 .50 

S 4") 

8 88 

0.98597 

10 .55 

S 49 

8 87 

0 98592 

10 GO 

S 50 

8 41 

0 9858G 

10 (15 

S 57 

8 45 

0 98580 

10 70 

S.Gl 

8 49 

0 98575 

10.7,5 

S (15 1 

8 ,58 

0 98509 

10 ,8(1 

s 70 , 

8 57 

0 98508 

10 85 

8 74 

8 (11 

0.98557 

10 90 

S 7S 

8 (1,5 

0 98552 

10 95 

8 82 

8 09 

0 98540 

11 (10 

8 80 

1 

8 78 

0 98510 

11 05 

8.90 

1 8 77 

0 98585 

11 10 

8 91 

8 81 

0 98.529 

11.1,5 

8.98 

8 85 

0.98,524 

11 20 

9 02 

8 89 

0 98518 

11 25 

9.07 

8 93 

0.98518 

11 80 

9 11 

8 97 

0 98.507 

11 85 

9 15 

9 01 

0.98.502 

11 40 

9.19 

9 05 

0 98490 

11.45 

9.28 

9 09 

0 98491 

11 .50 

9 27 

9 13 

0.98485 

11 .5.5 

9 81 

9 17 

0 98479 

11 (W 

9 85 

9 21 

0 9,8474 

11 05 

9 89 

9 25 

0.98408 

11 70 

9 43 

9 29 

0 98408 

11 75 

9 47 

9 32 

0 984.57 

11 ,80 

9 51 

9 30 

0.994.52 

11 ,85 

9 ,5.5 

9.40 

0 98440 

11 90 

9 .59 

9 44 

0 9,8441 

11.95 

9 03 

9 48 
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REFERENCE TABLES, A. O. A. C. 

Table II.— PEii€E.VATGE of Alcohol — (Continued). 




Alcohol. 




Alcohol. 

Specific 




Spccinc 



Gaivifv 


Per Cent, 

Grams 

Gmvi(y 

4 tiG" r 

Per Cent 

Per Cent 

00 


b.v 

per 


hv 

1)V 


Volume. 

Weight 

100 c.c. 


Volume 

WeiKht. 

0 08135 

12 00 

0 07 

9.52 

0 9S2i9 

14 00 

11 31 

0 9.8130 

12 05 

9 71 

9.5G 

U.9S214 

14 05 

11.35 

0 9S4-J-1 

12 10 

9 75 

O.GO 

0.9S209 

14 10 

11 30 

0 9Sil9 

12 15 

9 79 

0.04 

0.9S203 

14.15 

11.43 

0 0.8-113 

12.20 

9 .S3 

0.08 

0.98108 

14 20 

11.47 

0 9S4U.S 

12.2.5 

9.87 

9.72 

0.98103 

14 25 

11.52 

0 

12 30 

9 92 

0.76 

0.9S18<S 

,14 30 

11 50 

0 9SH97 

12 35 

9 9G 

9 SO 

0 9S1S2 

M 35 

n GO 

0 08301 

12 40 

10 00 

9.S4 

0 9S177 

14 40 

11 Gi 

0 0838(1 

12 45 

10 04 

0.S8 

0.08172 

14.45 

11. GS 

0 983.81 

12 50 

10.08 

9.92 

0.081G7 

14 .50 

11.72 

0 9X375 

12 55 

10 12 

9.9G 

0 9<S1G1 

14 55 

11.70 

0 0,8370 

12 60 

10. IG 

10.00 

0 9S15G 

14 GO 

11.80 

0 9X301 

12 G5 

10 20 

10 03 

0.9S151 

14 65 

11 84 

0 !)S359 1 

12 70 

10 24 

10.07 

0 9814() 

14 70 

11.88 

0 9S353 ' 

12.75 

10.2x 

10.11 

0 08140 

14 75 

11.03 

0 %3-lS 

12 SO 

! 10 33 

10.15 

0 9K135 

14 SO 

11 97 

0 0,'-:',i2 

12 85 

10 37 

10.10 

0.08130 

14 85 

12 01 

0 08337 

12 90 

10 41 

10.23 

0. OKI 25 

14 no 

12 05 

0 9S331 

IL 0.5 

10 45 

10.27 

0 OKI 19 

14 05 

12 00 

t) 9S32G 

13.00 

10 40 

10,31 

1 0 9S114 

15 00 

12.13 

0 9S321 

13 05 

10 53 

10.35 

0 9K10S 

15 05 

12 17 

0 9S315 

13 10 

10 .57 

10.30 

] 0 98104 

15 10 

12 21 

0.9S31() 

13 15 

10 G1 

10.43 

0 98099 

15,15 

12 25 

{) 9S305 

13 20 

10 05 

10.47 

0.08003 

15.20 

12.29 

0 0,8299 

13 2.5 

10,60 

10..51 

0 0,8088 

15 25 

12 33 

0 9.8204 

13.30 

10.74 

10.,55 

0 98083 

15 30 

12 38 

0 9,S2S9 

13,35 

10 78 

10 50 

0 08078 

15 35 

12 42 

0 9S2.S3 

13.40 

10.S2 

10. G3 

0 9K073 

15 40 

12 IG 

0.98278 

13 45 

10 86 

10 67 

j 0.08068 

15.45 

12 .50 

0 9,8273 

13.,50 

10.00 

10.71 

0 98063 

1.5,.50 

12.54 

0.9S2fi7 

13 55 

10 04 

10.75 

! 0.08057 

15 ,55 

12.58 

0 9S202 

13 60 

10 o.s 

10.79 

‘ 0.080.52 

15 (K) 

12.02 

O.OS25() 

13.65 

11 02 

10.83 

; 0 08047 

15.G5 

12 66 

0.98251 

13.70 

11.06 

10.87 

0 98042 

15.70 

12.70 

0.08246 

13 75 

11.11 

10.91 

0 08037 

15 7.5 

12.75 

0 98240 

13. SO 

11.15 

10.95 

0.08032 

15 ,80 

12.79 

0 9823.5 

13.85 

11 19 

10.99 

0 nS02G 

15 85 

12 83 

0.98230 

13.00 

11.23 

11.03 

! 0.98021 

15 90 

12 87 

0 98224 

13.95 

11.27 

11.07 

' 0 98016 

15 05 

12 91 


Grums 

|jpr 

100 c.c. 


11.11 
11 15 
11.19 
11.23 
11.27 

11 31 
11 35 
1! 3<J 
11 43 
11.47 

11 ,51 
11 .55 
11 59 
11 (13 
11.C7 

11.71 
11 75 
11.70 
11.82 
11 ..86 

11 00 

11 04 
11 08 

12 02 
12 06 

12.10 
12 14 
12 18 
12 22 
12.26 

12 .30 
12 34 
12 37 
12.41 
12.45 

12,49 
12 .53 
12..57 
12 61 
12 05 
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REFERENCE TABLES, A. 0. A. C. 

Tablf) II. —Percentage of Alcohol— (Continued). 


Specific 

Gruvitv 

. r 

Alcohol. 

Specific 

(Jruvity 

Alcohol. 

Per Cent 
by 

Volume. 

Per Cent 
by 

■\VeiKht. 

Grams 

per 

100 c.c. 

Per Cent 
by 

Volume. 

Per Cent 
by 

Weight. 

Grams 

per 

100 c.c. 

0.9S011 

10.00 

12 <J5 

12.09 

0.97808 

18.00 

14.00 

14.28 

0 

10.05 

12 9J 

12.73 

0.97S03 

18 05 

14.04 

14.32 

0.98001 

10.10 

13 03 

12.77 

0.97798 

18.10 

14.08 

14.36 

O.U7'.)9() 

10 1.5 

13 08 

12.81 

0.97793 

18.15 

14.73 

14.40 

o.DTsmi 

10.20 

13.12 

12.85 

0.97788 

18.20 

14.77 

14.44 

0.97985 

10.25 

13.10 

12.89 

0.<J77S3 

18.25 

14.81 

14.48 

o.y7i)so 

10 30 

13 20 

12.93 

0 97778 

18.30 

14 85 

14.52 

0.97975 

10 35 

13.24 

12.<J7 

0 97773 

18.35 

14,89 

14.,50 

0 <17970 

16 40 

13.29 

13 01 

0.97768 

18.40 

14.94 

14.00 

0.97<.M!5 

10.45 

13.33 

13.05 

0.97703 

18.45 

14.98 

14.04 

0.97900 

10.,50 

13,37 

13.09 

0 97758 

18..50 

15.02 

14.68 

0.979.'),') 

10 5.5 

13.41 

13.13 

0 977o3 

IS ,55 

15 00 

14.72 

0 979,"iO 

10.00 

13.45 

13.17 

0.97748 

18.00 

15.10 

14.76 

0,979-15 

10 05 

13.49 

13.21 

0.97743 

18,05 

15.14 

14.80 

0.97940 

10 70 

13.,53 

13.25 

0. <97738 

18.70 

15.18 

14.84 

0.9793.') 

10.75 

13.,57 

13.29 

0.97733 

18.75 

15.22 

14.88 

0.97929 

10.80 

13.02 

13 33 

0 97728 

18 80 

15 27 

14,92 

0.97924 

10 85 

13.00 

13.37 

0.97723 

18.85 

15.31 

14.90 

0 97919 ' 

10.90 

13.70 

13 41 

0 97718 

18.90 

15.38 

15 00 

0.97914 

10.95 

13.74 

13.45 

0.97713 

18.05 

15.39 

15.04 

0 971K)9 

17 00 

13.78 

13 49 

0 97708 

19.00 

15,43 

15.08 

0.971K)4 

17.05 

13 82 

13..53 

0.97703 

19 05 

15 47 

15.11 

0 97899 

17 10 

13.80 

13 .57 

0.97698 

19.10 

15,51 

15.15 

0 9789-1 

17.15 

13.90 

13.01 

0.97093 

19,15 

15.55 

15 19 

0.97889 

17.20 

13.<J4 

13,05 

0. <97088 

19.20 

15.59 

15.23 

0.978S4 

17.25 

13.98 

13.09 

0 97083 

19.25 

15,03 

15 27 

0 97879 

17.30 

14.03 

13.73 

0 97678 

19.30 

15.08 

15 31 

0 97874 

17.35 

14 07 

13 77 

0 97073 

19 35 

15 72 

15 35 

0.97.809 

17,40 

14.11 

13.81 

0 97068 

19.40 

15.76 

15 39 

0.97804 

17,45 

14.15 

13.85 

0.97003 

19.45 

15.80 

15.43 

0.97S,')9 

17.,50 

14.19 

13.89 

0.97658 

19..50 

15.84 

15.47 

0 978,').S 

17,5.5 

14.23 

13.92 

0.970.53 

19.55 

15 88 

15 51 

0.97.848 

17.00 

14.27 

13.90 

0.97048 

19 60 

15.93 

15 .55 

0.97S4,S 

17.05 

14.31 

14.00 

0.97643 

19.65 

15.97 

15.59 

0.978.SS 

17.70 

14.35 

14.04 

0.97038 

19.70 

16.01 

15.63 

0.97,S,S3 

17.75 

14.40 

14 08 

0.97033 

19,75 

10.05 

15.67 

0.97828 

17.80 

14.44 

14.12 

0.97028 

19.80 

16 09 

15.71 

0.97S2.S 

17.85 

14.48 

14.10 

0.97023 

19 8.5 

10 14 

15,75 

0.97818 

17.90 

14 52 

14.20 

0 97618 

19.<90 

16.18 

15.79 

0 97813 

17,95 

14.56 

14.24 

0 <97013 

19.95 

16.22 

15.83 
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REFERENCE TABLES, A. 0. A. C. 


Taule II.— Pehcentaue or Alcohol— {Continued). 


Specific 

Gravity 

“ecT”- 


Alcohol. 


1 

Specific 1 


Aleoliul. 


Per (Jent 
by 

Volume. 

Per ('ent 
by 

W'cighl. 

Graiurt 

p»T 

lOU c.c. 

Giaviiy 1 

Per rent 
by 

V olumo. 

; Per (Vnt 

1 l>y 

j Wciftiit. 

(i t aiii» 

1 per 

100 c.c. 

0.U7(i08 

20 00 

10 20 

15.87 

0.97400 

22.00 

17.92 

17.40 

0.97003 

20 05 

10.30 

15 91 

0.97101 

22 05 

17.90 

17.,50 

O.S)7f)>J8 

20.10 

16.34 

15.95 

0.97390 

22.10 

18.00 

17.54 

0.>)7r>93 

20.15 

1G.3S 

15.99 

0 97391 

22.15 

18.05 

17.,58 

0,97588 

20.20 

10.42 

10.03 

0.97386 

22.20 

18.09 

17.02 

0.97.583 

20 25 

10 40 

10 00 

0.97381 

22.25 

18.13 

17.06 

0 D7r)7S 

20 :i0 

10.51 

10 10 

0 97375 

22.30 

18.17 

17.70 

0 97570 

20 35 

10.58 

10 14 

0.97370 

22.35 

18.21 

17.74 

0.975(»S 

20 40 

10 59 

10 IS 

0.97305 

22 40 

18.20 

17.78 

0.97503 

20.45 

10.03 

10 22 

0.97300 

22.45 

18.30 

17.82 

0.97,558 i 

20.,50 

10.07 

10 20 

0.97355 

22.50 

18,31 

17.80 

0.97.5.52 

20.55 

10.71 

10 30 

0 97350 

22 55 

1 18.38 

17.90 

0.97,517 

20 00 

10.75 

10 34 

0 97345 

22.60 

18.42 

17.94 

0.97542 

20.05 

10.80 

10 38 

0.97340 

22.05 

18 47 

17.98 

0.97537 

20 70 

10.84 

10 42 

0 97335 

22 70 

18.51 

18.02 

0.97532 

20 75 

, 10 88 

10 40 

0.97330 

22 75 

18.,55 

18,06 

0.97527 

20 ,80 

10 92 

10 50 

0.97324 

22 SO 

: 18.59 

18,10 

0.97.522 

20..85 

10 90 

10 51 

0 97:119 

22 8^) 1 

JS 03 

1,S 14 

0.97517 

20 90 ! 

17 01 

10 58 

0.97314 

22 HO 

1 18 08 

18.18 

0.97.512 

20 95 

17 05 

10 02 

0.97309 

22 95 

18.72 

18.22 

0.97.507 

21 00 

17.09 

10 00 

0.97304 

23 00 ' 

18.70 

18.20 

0.97502 

21 05 

17 13 

10 70 

0 97299 

23 05 

18.80 

18.29 

0.97497 

21.10 

17 17 

10 74 ’ 

0 97294 

' 23 10 ' 

18.84 

18.33 

0.97192 

21 15 

17 22 

10 78 , 

0.97289 

1 23 15 

18.88 

, 18 37 

C.974S7 

2' .20 

17.20 

10.82 

0 97283 

23 20 

18.92 

18.41 

0.97482 

21.25 

17.30 

10. SO 

0,97278 

23 25 

18.90 

1<S.45 

0.97477 

21 .30 

17.34 

10.90 

0.97273 

23 30 

19 01 

18.49 

0.97472 

21.35 

17 3,8 

10 94 

0 97208 

23 35 

19.05 

1 18.,53 

0,97407 

21.40 

17.43 

10 98 

0 97203 

23 10 

19 09 

' 18..57 

0.97402 

21.45 

17 47 

17 02 

0 972.58 

23.45 

19.13 

18,61 

0.974.57 

21.,50 

17 51 

17 00 

0 97253 

23.50 

19.17 

18.65 

0.97451 

21 55 

17 55 

17 10 I 

; 0 97247 

23.55 

19.21 

18.09 

0.97440 

21 00 

17 59 

17 14 . 

0.97212 

23.60 

19 25 

18 73 

0.97441 

21.65 

17.63 

17.18 : 

: 0 97237 

23.65 

19.30 

18.77 

0.97436 

f 21.70 

17.07 

17 22 

0 97232 

23.70 

19.34 

18.81 

0.97431 

21.75 

17.71 

17.20 

0.97227' 

23.75 

19.38 

18.84 

0.97426 

21.80 

17.76 

17.30 

0 97222 

23.80 

19.42 

18.88 

0.97421 

21.85 

17.80 

17.34 

0.97210 

23.85 

19.46 

18.92 

0.97410 

21.90 

17.84 

17.38 

0.97211 

23.90 

19..51 

18.90 

0.97411 

21.95 

17.88 

17.42 

i 0.97200 

23.95 

19.55 

19.00 
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DENATURED OR INDUSTRIAL ALCOHOL. 
REFERENCE TABLES, A. 0. A. C. 

Table II.—Rehcentage of Alooiiol— [(’ontumcil). 


Specilu' 

iiiavit.N 
GO-' ,, 

“‘oT*'- 

J‘lt ( V;)t 

l-*.\ 

\ Illume. 

Alcohol. 


II 

i 

1 Speeihi- 


Alcuhui. 


J’er t'ent 
l>.v 

Weight. 

Gthih.s 

pel 

JUG e.e. 

1 GO- ,, 

I’er Cent 
hy 

Volume. 

Ter Cenl 

i>y 

\\ eight 

Graniii 

per 

1 tio c.c. 

CI.U7:I01 

24 00 

19.59 

19.01 

0.96991 

20,00 

21.27 

20.63 

O.U71‘.«i 

21 05 

19.03 

19.08 

0.909,80 

26.05 

21.31 

20.67 

0.!)7Wi 

24.10 

19.07 

19.12 

0.90980 

26.10 

21.35 

20.71 

Cl.i)71S5 

24.15 

10.72 

19.16 

0.90975 

26.15 

21.40 

20.75 

CI.WINO 

24.20 

19.70 

19.20 

0.90969 

20.20 

21.44 

20.79 

o.'JTiyo 

24.25 

19.80 

19.24 

0.90964 

20.25 

21.48 

20.83 

U. 1)7170 

24 30 

19.84 

19.28 

U.9095S) 

20.30 

21 52 

20.87 

0.0710") 

24 ;i5 

19.88 

19.32 

U.S)1H)53 

26.35 

21 50 

20.91 

O.yTl')'.) 

21 40 

19 93 

19.30 

0 969-19 

26.40 

21.01 

20.95 

0.0715-1 

21 45 

19.97 

19.40 

0.96942 

26.45 

21.05 

20.90 

0.9711st 

24.50 

20 01 

19.44 

0.96937 

20.50 

21.09 

21.03 

0.07114 

24.55 

20 05 

19.48 

0.9t)932 

20.55 

21 .73 

21 07 

0.97i:ilt 

21.00 

20 OS) 

19.,52 

0.90920 

26 60 

21,77 

21.11 

u st7iH;i 

24 05 

20 14 

19.56 

0.96921 

26.65 

21.82 

21.15 

0.0712S 

24.70 

20.18 

19.60 

0.96915 

26.70 

21.80 

21.19 

0.07123 

24.75 

20.22 

19.64 

0,96910 

26.75 

21,90 

21.23 

0.07US 

24 80 

20.20 

19.08 

0.96905 

26.80 

21.St4 

21.27 

0 st7ii:i 

24 85 

20.30 

19.72 

0.90899 

26.85 

21.98 

21.31 

0.07107 

24 90 

20 35 

19.76 

0.96894 

20. IK) 

22.03 

21.35 

0.07102 

24.95 

20.39 

19.80 

0.90888 

26.95 

22.07 

21.39 

0.97i)97 

25 00 

20.43 

19,84 

0.96883 

27.00 

22.11 

21.43 

0.970S)2 

25 05 

20.47 

19.88 

0 96877 

2-. 05 

22 15 

21.47 

0.97US(i 

25.10 

20.51 

19.92 

0 96872 

27.10 

22 20 

21.51 

0.070S1 

25.15 

20..56 

19.96 

0.90800 

27.15 

22 2-1 

21.5r> 

0.97070 

25.20 

20. IK) 

20.00 

0.96861 

27.20 

22 2<S 

21.59 

0.97071 

25 25 

20.64 

20.04 

0.968,55 

27.25 

22 33 

21.63 

0.97t)0n 

25 30 

20.08 

20 08 

0.90850 

27.30 

22 37 

21.67 

0.97000 

25.35 

20.72 

20.12 

■ 0.96844 

27.35 

22.41 

21.71 

0.9705,5 

25.40 

20.77 

20.16 

0 96839 

27.40 

22.45 

21.75 

0.97040 

25.45 

20.81 

20.20 

0.98833 

27.4.5 

22 .50 

21.79 

0.97044 

25.50 

20.85 

20.24 

0.96828 

27.50 

22 54 

21.83 

0 970:i9 

25.,55 

20.89 

20.28 

0.96S22 

27,55 

22 58 

21 86 

0.07033 

25. GO 

20.93 

20 32 

0.96816 

27.60 

22 02 

21.90 

0.97028 

25.65 

20.98 

20.36 

0.96811 

27.65 

22.67 

21.94 

0.97023 

25.70 

21.02 

20.40 

0.96805 

27.70 

22.7> 

21,98 

0.97018 

25.75 

21.06 

20.44 

0.96800 

27.75 

22.75 

22.02 

0.97012 

25.80 

21.10 

20 47 

0.96794 

27.80 

22.79 

22.06 

0.97007 

25.85 

21.14 

20..51 

0.96789 

27.85 

22.83 

22.10 

0.97001 

25.90 

21.19 

20 .55 

0,96783 

27.90 

22.88 

22.14 

0.90090 

25.95 

21 23 

20.59 

0.96778 

27.95 

22.92 

22.18 
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Specific 

Gravity 


o.9G;r2 

o.uorGo 

0 9G7(il 
0.‘.>G7o5 
0.9G7:IG 

0 llG74-t 

u gg;;is 

0 Gl>7:i2 
0 9()72G 
0.UG721 

0 9G7i5 
0.9G709 
0.9G701 
0 %()U8 
C.9G092 

U 9G087 
0 9boM 
U 'M)G75 
U 9()()G9 
0 9GGG4 

0 9f)(>58 
0 9(){)r)2 
0 9GGl(i 
0 9G()40 
0 DUChiS 

0 9602!1 
0 !)6K2:J 
0 BfiGlT 
0 90611 
0.96605 

O’. 96600 
0.90594 
0,96587 
0.96.582 
0.96.576 

0.96.570 

0.96.564 

0.96.5.59 

0.965,53 

0.96547 


REFERENCE TABLES, A. 0. A. C. 

Table II.— Pehcentaoe of Alcohol — (Continxied). 



Alcohol 


Specilie 


Alcohol 


Per Cent 

1 Per Cent 

Grams 

Gnivit V 

4 r 

Per Cent 

^ei‘ Cent 

1 Grama 

by 

by 

per 

100 c.c. 


by 



Volume. 

Weight. 


\oIume'. 

Weight. 

100 c.c. 

28.00 

22.96 

22.22 

0.96541 

1 30.00 

24.60 

23.81 

28.05 

23.00 

22.20 

0.90535 

30.05 

24,70 

23.85 

28.40 

23.04 

22.30 

().9G52G 

30.10 

24.74 

23.89 

28,15 

23.09 

22.54 

0.90523 

30.15 

24.79 

23.93 

28.20 

23.13 

22.38 

0.90517 

30.20 

24.83 

23.97 

2S.25 

23.17 

22.42 

0.90511 

30.25 

24.87 

24 01 

28 30 

23.21 

22.45 

0.90505 

30.30 

24.91 1 

24.04 

28.35 

23.25 

22.49 

0 90499 

30.35 

24.95 

24.08 

28.40 

23.30 

22.53 1 

0.90493 

30.40 

25.00 

24,12 

28.45 

23.34 

22.57 

0 90487 

30.45 

25.04 

24.16 

28.50 

23.38 

22.01 

0.90481 

30.,50 

25.08 

24.20 

28,,55 

23.42 

22.05 

0.90175 

30.,55 

25.12 

i 24.24 

28. (W 

23.47 

22.69 

0.90409 

30.60 

25.17 

24.28 

2^. 05 

23 51 

22.73 

0.90403 

30.65 

25.21 

24 32 

2b 70 

23.55 

22.77 

0.90457 

30.70 

25.25 

24.36 

28.75 

23.60 

22,81 

0.90451 

30.75 

25.30 

24,40 

28.80 

23.64 

22,85 

0.90445 

30.80 

25,34 

24.44 

28,85 

23.68 

22.89 

0.90439 

30.85 

25.38 

24.48 

28.90 

23.72 

22.93 

0.96433 

30.90 

25.42 

24.52 

28.95 

23.77 

22.97 

0.90427 

30.95 

25.47 

24.56 

29.00 

23.81 

23.01 

0.96421 

31.00 

25.51 

24.60 

29.05 

23.85 

23.05 

0.96415 

31.05 

25,55 

24.64 

29 10 

23,89 

23.09 

0.96409 

31.10 

25.60 

24.08 

29 15 

23.94 

23.13 

0.90403 

31.16 

25.64 

24.72 

21) 20 

23.98 

23.17 

0.90396 

31.20 

25.68 

24.76 

29.25 

24 02 

23.21 

0.90390 

31.25 

25.73 

24.80 

29 30 

24.06 

23.25 

0.90384 

31.30 

25.77 

24.84 

29.35 

24.10 

23.29 

0.96378 

31.35 

25.81 

24.88 

29.40 

24.15 

23.33 

0.96372 

31.40 

25.85 

24.92 

29.45 

24.19 

23.37 

0.90300 

31.45 

25.90 

24.96 

29.50 

24.23 

23.41 

0.96300 

31.50 

25.94 

25.00 

29.55 

24.27 

23.45 

0.963.53 

31.55 

25,98 

25.04 

29.60 

24.32 

23.49 

0.90347 

31.60 

26.03 

25.08 

29.65 

24.36 

23.53 

0.90341 

31.65 

26.07 

25.12 

29.70 

24.40 

23.57 

0.96335 

31.70 

26.11 

25,16 

29.75 

24 45 

23.61 

0 96329 

31.75 

26.16 

25.20 

29 ,S0 

24.49 

23.65 

0.96323 

31.80 

26.20 

25.24 

29.85 

21.,53 

23,69 

0.96316 

31.85 

26.24 

25.28 

29.90 

24.57 

23.73 

0.96310 

31.90 

26.28 

25.32 

29.95 

24.62 

23.77 

0,96304 

31.95 

26.33 

25.36 
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REFERENCE TABLES, A. O. A. C. 

Table II.—PEiicEUTAaE of Alcohol— (Continued), 




Alcohol. 


flpecific 




<ira.vily 
* W)'' ,, 

'“So 

J’er ('cut 
by 

Volume. 

Per (leut 
by 

Weight. 

(jiams 

per 

100 c.c. 

0.%2!IS 

32.00 

20.37 

25.40 

O.iWIiL’ 

32.05 

20.41 

25.44 

O.UUL’So 

32.10 

20.40 

25.48 

0.!)G27'.I 

32.15 

20.50 

25..52 

0 1)0272 

32.20 

20.54 

25.50 

0.i)(i2(i7 

32.25 

26.59 

25.00 

0 l)(i21i() 

32.30 

20.03 

25.04 

(1 'Ki2M 

32.35 

20,07 

25.08 

O.IKL’TS 

32.30 

20.71 

25 71 

0 1)0211 

32.45 

20.76 

25.75 

0.1)02:1.5 

32.50 

26.80 

25.79 

0.1)022!) 

32.55 

20.84 

25.83 

0.1)0222 

32.00 

26.89 

25.87 

0 1)0210 

32.05 

28.1)3 

25.91 

0.1)0210 

32,70 

20.97 

25.95 

0 1)0201 

32.75 

27.02 

25.99 

0 1)011)7 

32..^0 

27.06 

20 03 

0.1)011)1 

32.85 

27.10 

20.07 

0 !)01S5 

1 32.UO 1 

27.14 

20.11 

O.l)0I7S 

32.1)5 

27.19 

20.15 

0 1)0172 

33.00 

27.23 

20.19 

0 1)0100 

;i3.05 

27.27 

28.23 

0.1)01.5!) 

33.10 

27.32 

20.27 

0.1)01,5:1 

33.15 

27.36 

20,31 

0 HOMO 

33.20 

27.40 

20 35 

0 1)0M0 

33.25 

27.45 

26.39 

o.i)oi:i3 

33.30 

27.41) 

20 43 

0 1)0127 

33.35 

27.53 

20 47 

0.1)0120 

33.40 ! 

27.57 

20.51 

0.1)0111 

33.45 

27.62 

20.,55 

0,1)81 OS 

33.,50 

27.00 

20,.59 

0.1)0101 

33..55 

27.70 

20,03 

0.1)00!).5 

33.00 

27.75 

20.07 

0.1)0088 

;«.05 

27.79 

20.71 

0.1)0082 

33.70 

27.83 

20.75 

0.1)007,5 

33.75 

27.88 

20.7!) 

0.1)0001) 

33 80 

27.92 

20.82 

0 1)0002 

33.85 

27.90 

20 80 

0 1)00.50 

33.1)0 

28.00 

26 1)0 

0.1)0011) 

33.95 

28.05 

20.94 


Specific 

(Jravity 

“'-CU 

Alcohol. 

Per Cent 
by 

Volume 

Per Ccut 
by 

Weight. 

Grams 

per 

100 c.c. 

0.90043 

34 00 

28.01) 

20.98 

o.!) 0 o:io 

34.05 

28.13 

27 02 

o,90o:io 

34.10 

28,18 

27 06 

0.90023 

34.15 

28.22 

27.10 

0.90010 

34.20 

28.20 

27.14 

0.90010 

34.25 

28.31 

27.18 

0.90003 

:i4.30 

28.35 

27 22 

0.95990 

34.35 

28.:«) 

27.26 

0.95990 

;44.40 

28.43 

27.30 

0.95983 

34.45 

28.48 

27.34 

0 9,5977 

34.,50 

28.,52 

27.38 

0 9.5970 

34.55 

28.,50 

27 42 

0 951)03 

34.00 

2,8 01 

27.46 

0.959.57 

34.05 

28 05 

27 50 

0.9.5950 

34.70 

28.70 

27 ,54 

0.9,5943 

34.75 

28.71 

27 58 

0.95!):i7 

34.,80 

28 78 

27 62 

0.!),5!i:i0 

34 85 

28 8:! 

27 00 

0.1).5923 

34.90 

28 87 

27 70 

0.95917 

34.95 

28.92 

27 74 

0 9,5910 

35,00 

28 90 

27.78 

0.9,5903 

35.05 

29 00 

27 82 

0 i),58!)0 

35.10 

29.05 

27 86 

0.9,588!) 

35.15 

29 09 

27 90 

0.95883 

35.20 

29.13 

27.94 

0.95876 

35.25 

29.18 

27 98 

0.9580!) 

35.30 

29.22 

28.05 

0.9,5802 

35.35 

29.20 

28.05 

0.958,55 

35.40 

29.30 

28.09 

0.9,5848 

35.45 

29.35 

28.13 

0.95842 

35.,50 

29.38 

28.17 

D. 958:45 

35.55 

29,43 

28.21 

0.95828 

35,00 

29.48 

28.25 

0.9,5821 

35.05 

29.52 

28.29 

0.95814 

35.70 

29.57 

28.33 

0.9,5807 

35.75 

29.01 

28.37 

0.9,5800 

35.80 

29.05 

28.41 

0.9.5794 

35.85 

29.70 

28 45 

0.9,5787 

,35.90 

29 74 

28 49 

0.95780 

35.95 

29.79 

28.53 
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REFERENCE TABLES, A. 0. A. C. 

Table II. —Pekcentage of Alpoiioi.— {Coiitimtcd). 


Specific 

Giavity 

“‘m) *'■ 

Alcohol. 

Spoofic 
Gravity 
hO" ,, 

“‘oiT''- 

Alculiui. 

Per Cent 
by 

Volume. 

Per Cent 
by 

Weight. 

Grams 

per 

100 c.c. 

Per Cent 

by 

Vbluiiie. 

Per Cent 
by 

W^cight. 

Grams 

per 

100 c.c. 

0.95773 

30.00 

29.83 

28.57 

0.9.5487 

38 00 

31.58 

30.16 

0.957GO 

30 05 

29.87 

28.01 

0.95-180 

38 05 

31.03 

30.20 

0.957.59 

30.10 

29.92 

28.05 

0.9,5472 

38.10 

31.07 

30.24 

0.9.57.52 

30.15 

29.90 

28.09 

0 9,540.5 

38.15 

31.72 

30 28 

0 9.5745 

30 20 

30.00 

28.73 

0.9.5457 

38.20 

31.70 

30 32 

0 9.573,4 

30.25 

30.05 

28.77 

0 95450 

38.25 

31.81 

30.30 

0 95731 

30 30 

30 09 

28.81 

0.95442 

38.30 

31.8,5 

30.40 

0 9.5724 

30 35 

30.13 

28 8.1 

0 9.5435 

38.35 

31 90 

30.44 

0 9,5717 

30 40 

30.17 

28 88 

0 95427 

38.40 

31.94 

30.48 

0 9.5710 

30 4,5 

30.22 

28.92 

0 95420 

38.45 

31.99 

30.52 

0.9.5703 

30.50 

30 20 

28.90 

0 95413 

38..50 

32 03 

30.,56 

0.9.5095 

30.,55 

30.30 

29.00 

0 9.5405 

38.,55 

32.07 

30 60 

0.950.SS 

30 00 

30.35 

29.04 

0 9,5398 

38.00 

32 12 

30 64 

0.9.5G.S1 

30 05 

30.39 

29.08 

0 95390 

38.05 

32.10 

30 68 

0 95074 

30 70 

30.44 

29.12 

0.9,5383 

38 70 

32 20 

30.72 

0 9.5007 

30.75 

30.48 

29.10 

0 9.5375 

38.75 

32.25 

30.76 

0.95ii00 

30 ,S0 

30.52 

29 20 

0 95308 

38 SO 

32.29 

30.79 

0.9.,0.53 

30 85 

30 ,57 

29 21 

0 9.5300 

38.85 

32.33 

30.83 

0 95010 

30 90 

30.01 

29.29 

0.053.53 

38.90 

32.,37 

30.87 

0.9.5039 

3b 95 

30.00 

29.32 

0.95345 

38.05 

32.42 

30.91 

0 95032 

37 00 

30 70 

29 30 

0 95338 

39 00 

32 40 

30 95 

0.95025 

37 05 

30 74 

29..10 

0 95330 

39.05 

32 .50 

30.99 

0.9501,S 

37.10 

30.79 

29 44 

0.95323 

39.10 

32 .5,5 

31.03 

0.95010 

37.15 

30 83 

29 48 

0 9.5315 

39.15 

32 .5!) 

31.07 

0.95003 

37 20 

30.88 

29 .52 

0 9.5307 

39 20 

32 04 

31,11 

0.9.5.590 

37 2.5 

30 92 

29.50 

0.9,5300 

39.2.5 

.32,08 

31.14 

0 95.5,49 

37.30 

30 90 

29.00 

0 95292 

39.30 

32 72 

31 18 

0.95.581 

37 35 

31.01 

29.04 

0 9.52.^4 

39.35 

32.77 

31.22 

0.95,574 

37.,10 

31.05 

29.08 

0 9.5277 

39.40 

32.81 

31.26 

0 95507 

37.45 

31.10 

29.72 

0 9.5209 

39.45 

32.86 

31,30 

0 95500 

.37.50 

31,14 

29.70 

0 9.5202 

,39.50 

32.90 

31.34 

0 95552 

37 55 

31.18 

29 80 

0.9.52.54 

39.55 

32 95 

31.38 

0.95.545 

37 (K1 

31.23 

29 84 

0 95240 

39.60 

32 99 

31 42 

0.95.538 

37.05 

31.27 

29 88 

0 9.5239 

39.05 

33.04 

31.46 

0.95,531 

37.70 

31.32 

29.92 

0 95231 

39.70 

33.08 

31..50 

0.95.523 

37.75 

31 36 

29 96 

0 9.5223 

39.75 

33.1,3 

31..54 

0.95510 

37.80 

31.40 

30 00 

0 9.5210 

39 80 

33.17 

31..58 

0 95.509 

37 85 

31.45 

30 04 

0 9.520,8 

.39 85 

33.22 

31.02 

0 9.5.502 

.37.90 

31.49 

:;o 08 

0 9.5200 

39 90 

33.27 

31 06 

0.95194 

37.95 

31.54 

30.12 

0.9,5193 

39.95 

33.31 

31.70 




DENATURED OR INDUSTRIAL ALCOHOL. 
REFERENCE TABLES, A. 0. A. C. 

Table 11.—Reucentage oe Alcohov— (Continued). 


Alcohol. 


Spenfu- 
Gravity 
1 1 .- 
00 ' • 


Per Ceut 
by 

Volume. 


Per Cent 
by 

Weight. 


0.95185 

40 00 

0.95177 

40.05 

0 95109 

40.10 

0 95101 

40.15 

0 95IM 

40,20 

0 95110 

40.25 

0 95138 

40.30 

0.95130 

40 35 

0.95122 

40.40 

0.95114 

40 45 

0 95107 

40.,50 

0 9.5099 

40 ,55 

0 9,5091 

40.00 

0 9.5083 

40.05 

0 9,5075 

40.70 

0.9,5007 

40 75 

0 950.59 

40 SO 

0 9.'’i0.52 

40 85 

0 9.5011 

40 90 

0 9.5030 

40.95 

0 9.5028 

41 00 

0 9,5020 

41 05 

0 9.5012 

41.10 

0 95004 

41.15 

0.94990 

41.20 

0.949SS 

41.25 

0.94980 

41.30 

0 94972 

41.35 

0 94904 

41.40 

0 94950 

41 45 

0 94948 

41.,50 

0 94940 

41.55 

0 91932 

41.00 

0.94924 

41.05 

0.94910 

41.70 

0.94908 

41.75 

0.941K)0 

41 80 

0.94892 

41.85 

0.94884 

41. IK) 

0.94870 

41.95 


33.35 

33.39 

33.44 

33.48 

33.53 


33..57 
33.01 
33 liU 
33.70 
33.75 


33.70 

33.84 

33.88 

33.03 

33.07 


34 02 
31 00 
34.11 
34.15 
34.20 

34.24 
34 28 
34.33 
34.37 
34 42 


34 40 
34..50 
34 55 
34.50 
34.04 

34.08 

34.73 

34.77 

34 82 
34.80 

34.91 

34.05 

35 00 
35 04 
35.00 


O ranis 
per 

100 c.c. 


31.74 
31.78 
31.82 
31.80 
31.00 

31.04 

31.98 

32.02 

32.00 

32.10 

32 14 
32.18 
32 22 
32.20 
32.30 


32 34 
32.38 
32.42 
32 40 
32.50 


Specific 

Gravity 

Per Cent 
by 

Volume. 

0.94808 

42.00 

0.94860 

42.05 

0.948,52 

42.10 

0.94,843 

42.15 

0.94,835 

42.20 

0.94827 

42.25 

0.94820 

42.30 

0.94811 

42.35 

0.94802 

42.40 

0.94794 

42.45 

0 94780 

42,50 

0.94778 

42 55 

0 94770 

42 00 

0.94701 

42.05 

0.94753 

42 70 

0.94715 

42.75 

0 94737 

42 ,80 

0.94729 

42 85 

0.94720 

42 90 

0 94712 

42 95 


Alcohol. 


Per Cent 
In 

\\ eight. 


Grams 

per 

100 c.c. 


35.13 
35 18 
35 22 
35 27 
35.31 


33 33 
33.37 
33.41 
33.45 
33.49 


35.30 
35 40 
35.45 
35 49 
35.54 


33.53 
33.57 
33.01 
33 05 
33 09 


35 ,58 
35.03 
35.07 
35.72 
35.70 


33 73 
33.77 
33 81 
33 85 
33.89 


35 81 
35 85 
35.00 
35.94 
35.90 


33.93 

33 97 

34 00 
34.04 
34 08 


32..54 
32 58 
32 02 
32.00 
32.70 


0.04704 
0.94090 
0.94087 
0.94070 
0.94070 


43.00 
43.05 
43.10 
43.15 
43.20 


30.03 
30 08 
30.12 
30 17 
30.21 


34.12 
34.10 
34.20 
34 24 
34.28 


32.74 
32 78 
32 82 
32 86 
32.90 


0.94002 
0 94054 
0.91015 
0.94037 
0.94028 


43 25 
43 30 
43.35 
43.40 
43.45 


30 23 
30.30 
30 35 
30.39 
30.41 


34 32 
34 30 
34 40 
34 44 
34.48 


32.93 

32.97 

33.01 

33.05 

33.09 


0.94020 

0.94012 

0.94003 

0.94,595 

0.94580 


43.50 

43.55 

43.00 

43.05 

43.70 


30.48 

30.. 53 

30.. 57 
30.62 
36,60 


34.52 
34 ,50 
34 60 
34.64 
34.08 


33.13 
33 17 
33.21 
33 25 
33.29 


0.94578 
0.94,570 
0.94,501 
0 945,53 
0.94,544 


43.75 

43.80 

43.8,5 

43.90 

43.95 


30.71 

30.75 

30.80 

36.84 

36.89 


34.72 

34.76 

34.80 

34,84 

34.88 
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REFERENCE TABLES, A. 0. A. C. 


Table II.— I’EucENTAaE of Alcouol — {Conlinued), 


Spccifir, 

Gravity 

Alcohol. 

Specific 

Gravity 

Alcohol. 

I’cr Cent 
by 

Volume. 

Per Cent 
by 

Weight. 

Grams 

l>er 

100 c.c. 

Per Cent 
by 

Volume. 

Per Cent 
by 

Weight. 

Grams 

per 

lOL) c.c. 

1) 'J4.W) 1 

44.00 

;i0.9'3 

34.91 

0.94188 

40.00 

38.75 

30.50 

0 Hi.ra 

44 0,0 

30.98 

34.95 

0.94179 

40.05 

38.80 

36.54 

0 

44.10 

37.02 

34.99 

0.94170 

40.10 

38.84 

30.58 

0 il l.'; 10 

44.15 

37.07 

35.03 

0.94101 

40.15 

38.89 

30.02 

0.i>1.5()'2 

44.20 

37.11 

35.07 

0.941,52 

40.'20 

38.93 

30.60 

0 

44.2,5 

37.10 

35.11 

0.94143 

40.25 

38.98 

30.70 

<).'I44S4 

44.30 

37.21 

35.15 

0.94134 

40.30 

,39.03 

,30.74 

0 41470 

44 35 

:i7.25 

:i5.19 

0.94125 

40.35 

39.07 

:io 78 

0.91407 

44.40 

37.,SO 

35.23 

0.94110 

46.40 

39.12 

30 82 

0 944.'i9 

44.45 

37.31 

35.27 

0.94107 

40.45 

39.10 

30.80 

0 illl.KI 

44 no 

37.39 

35.31 

0.94098 

40.,50 

39.21 

30.90 

0 9.144! 

44 55 

37.44 

35.35 

0.94089 

40.,55 

39 20 

30.94 

0 944;« 

44 (K) 

37.48 

35.39 

0 94080 

40.00 

39,30 

30.98 

0 91.124 

41.05 

37..53 

35.43 

0.94071 

40.05 

39.35 

37 02 

0 94410 

44 70 

37.57 

35.47 

0.94002 

40.70 

39.39 

37 00 

0 94407 

44.7,5 

37.02 

:i5..51 

0.940,53 

40.75 

39.44 

,37.09 

0 94;«IS 

44 «0 

37.00 

35.55 

0.94044 

40.80 

39.49 

37.13 

0 9-1290 

44.85 

37.71 

35.,59 

0.94035 

40.85 

39.,53 

37.17 

0 94:«1 

44 ;« 

37 70 

35.03 

0.94020 

40.90 

39.58 

37.21 

0 94:17:1 

•4.95 

37.80 

35.07 

0.94017 

40.95 

39.02 

37.25 

0.94:101 

45.00 

37.84 

35.71 

0.94008 

47.00 

39,07 

37.29 

O.ORi.O.'i 

45 05 

37.89 

35.75 

0.93999 

47.05 

39 72 

37.33 

0 94:110 

45.10 

37.93 

35.79 

0.9:1990 

47.10 

39.70 

37 37 

0 9i:i:is 

45 15 

37.98 

,35.83 

0 9:1980 

47.15 

39.81 

37.41 

0 94:129 

45.20 

38 02 

:i5.87 

0.93971 

47.20 

39.85 

37.45 

0.94:120 

45.25 

38.07 

35.91 

0.93902 

47.25 

39.90 

37.49 

o.9i:iii 

15.30 

38.12 

35.95 

0 939,53 

47.,so 

39.95 

37.53 

0.94:102 

45 35 

38.10 

;i5.n9 

0.9:1944 

47.35 

,39.99 

37.,57 

0 9129! 

45.40 

;is.2i 

30.03 

0 93i);i4 

47.40 

40.04 

37.01 

0 942S.'') 

45.45 

38.25 

30.07 

0.9,392.5 

47.45 

40,08 

37.65 

0.94270 

45..50 

38..SO 

30.11 

0,93916 

47..50 

40.13 

,37.09 

0 94207 

45.55 

3S.;S5 

,S0.15 

0.9.3900 

47 55 

40 18 

,37.73 

0.942.W 

45.00 

38.39 

30.19 

0.93898 

47 GO 

40 22 

37.77 

0.942.'W 

45.6.5 

38.44 

:i0.23 

0.93888 

47.05 

40 27 

37.81 

0 94241 

45.70 

38.48 

30.20 

0.93879 

47.70 

40.,32 

37.85 

0 942.S2 

45.75 

38.,53 

30.,SO 

0.93870 

47.75 

40.37 

,37.89 

0 94223 

45 80 

:i8 .57 

30 34 

0.93801 

47.80 

40.41 

37 93 

0 94214 

45.85 

38.02 

,36.38 

0.9:18.52 

47.85 

40.40 

37.97 

0.94200 

45.90 

38.00 

30.42 

0.93842 

47.90 

40.51 

,38.01 

0.94197 

45.95 

38.71 

1 

30.40 

0.93833 

47,95 

40.55 

38.05 
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DENATURED OR INDUSTRIAL ALCOHOL. 


REFERENCE TABLES, A. 0. A. C. 

Table II.—Pekcentage of Alcohol— {CorUinttcd). 




Alcohul, 




Aleobol. 


Specific 




Specific 




Gravity 

“^60 

Per Cent 
by 

Volume. 

Per Cent 
by 

Weight. 

Gram.'j 

per 

I0OC.C. 

Gravity 

Per Cent 
by 

Volume. 

Per Cent 
by 

Weight. 

Grama 

per 

100 c.c. 

O.HIiSit 

4S.OO 

40 OO 

38.09 

0.93036 

49,00 

41.,52 

38 88 

0.0:^815 

•18.05 

40.05 

58,13 

0.93026 

49.05 

41 .57 

38,02 

0.!)3,S05 

IS. 10 

40.09 

38 17 

0 03617 

49.10 

41.61 

38.06 


4S.1,5 

40.74 

38.21 

0.93007 

49.15 

41.66 

39.00 

0.!«7.SG 

48.20 

40.78 

38.25 

, 0.93598 

49.20 

41.71 

30 04 

0.03777 

48.25 

40.83 

38.20 

, 0 035.88 

49.25 

41.76 

39 08 

o.otuiw 

48.80 

40,88 

,38.33 

0 03.578 

49.30 

41 80 

39 12 

0.9H7r)<S 

4K.35 

40 02 

38.,37 

0.93.569 

49.35 

41.8,5 

30 16 

0.03710 

48.40 

40.97 

38.41 

; 0 93559 

49 40 

41.00 

39 20 

O.lWItiO 

48.45 

41.01 

38.45 

0 935,50 

49 45 

41 94 

39.24 

0.03780 

48..50 

41.00 

38 49 

0 93540 

4!l .50 

41 99 

39 28 

0 03721 

48 55 

41.11 

38 53 

0 03.530 

49 .55 

42 04 

30 32 

0.9:^711 

48 fiO 

41.15 

.38..57 

; 0 03.521 

49.60 

42 08 

39 36 

0 {YMiVI 

48 05 

41 20 

38 01 

0.03511 

49.6.5 

42 13 

30.40 

0 9:i(i92 

4S.70 

41.24 

38, C5 

0 93502 

» 

49 70 

42 18 

39 44 

0 93083 

48.75 

41.29 

38.68 

0.03402 

49 75 

42 23 

39 48 

0 9;}r.79 

48.80 

41.34 

38.72 

0.93482 

49 SO 

42 27 

39 .52 

() 93()(U 

■i8 85 

41 38 

38 76 

0 93473 

49 85 

42 .32 

,39 .56 

0 WMm 

4S.90 

41.43 

38.80 

0 93463 

49.90 

42 37 

39 60 

O.OSOl.'i 

48.95 

41.47 

38.84 

0.93454 

49.95 

42 41 

39 63 


The United States Proof Gallon.— Considcrabk'- confusion exists in 
the public mind lus to the preci.se meaning of the terms U. S. Proof Gallon, 
U. S. Wine Gallon, and U. S. Taxable Gallon. 

In an endeiivor to make the Government meaning clear, these terms 
will Ix' explained in their above order. 

U. S. Proof Gallon—“iiooimn 3241), Revised Statutes, provides tliat 
proof spirit shall be held to be (hat alcoholic liquor which contains one 
hall it.s volume of alcohol of a specific gravity of seven thousand nine 
hundred and thirty-nine ten-thousandlh.s (0.7939) at G0° Fahrenheit, 
referred to water at its maximum density as unity.” It is thus seen 
that th(' U. R. proof gallon is one half alcohol by volume or hulk and 
therefore contains 50 per cent absolute alcohol, while 200 proof contains 
100 per cent absolute alcohol by volume. The volume percentage of 
ab.solute alcohol multiplied by 2, therefore, gives the proof. The degree 
nr per cent proof divided by 2 gives the percentage of absolute alcohol 
by volume. 
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U. S. Wine Gallon .—The U. S. wine gallon contains the same number 
of cubic inches as the U. S. standard gallon, viz., 231 cubic inches. 

A wine gallon of high-proof alcohol is therefore a U. S. standard 
gallon. 

The U.S. Taxable Gallon {in case of Distilled Spirits).—The pro.scnt 
ta.\ on distilled .spirits is “$1.10 on each proof gallon or wine gallon 
when below proof, and a proportionate ta.\' at a like rate on all fractional 
parts of such proof or wine gallon: Tvoeided, that in computing the tax 
on any package of spirits all fractioniil pirts of a gallon lc.ss than one 
' tenth shall be excluded. . • . Under the above provisions, in computing 
the tax on any package of spirits, officers will exclude the hundredths of 
a gallon less than one tenth whenever they rtuiy arLso. . . . When spirits 
are below proof the tax attaches to the wine gallons as heretofore, h'or 
('xaniple, in case of a package of spirits, when the loss is not exces.sive, 
if the contents are found to be 44.59 wine gallons and 44.15 proof gal¬ 
lons, the tax will be com]jut('d on 44.5 gallons.” In this case the strength 
of the spirits was degrees proof. 

Other pro\’isioiis for allowance for lo.ss of spirits while in warehouse 
and further exact facts relating to the above can be found in the U. S. 
Internal R( V(>nue llegulatiCns and Instructions concerning the Tax 
on Distilled Spirits. 

A barrel may hold, for instance, 50 wine gallons, 50 proof gallons, 
and 50 taxable gallons, and in this case the strength of the spirits is 50 
per cent by solunte nr 100 IJ. S. jiroof or “proof,” which means ,50 per 
cent by voluiiK', as divscribed, and as there are 50 wine gallons, or bulk 
gallons, there results 50 taxable gallons on which $1.10 jxir gallon has to 
be paid. 

Denatured alcohol is of course untaxed, but the above definitions 
with regard i,o distilled spirits have been given for the reasons stated. 

In <he control of denatured alcohol the tables published in the 
Gaugers’ .Manual, U. S. Internal Revenue, will !)e used. 

The tables given on the following pages (pp. 143-145) were taken 
from the edition of 1900 of this m.anual. In testing spirits for their alco¬ 
holic strength in per cents of proof by these tables a gauger’s cup, shown 
in Fig. f)2, p. 142, and alcohol hydrometers, shown in Fig. 61, p. 142, arc 
used. Proof or 100 will be inilicated on the hydrometer when the tem¬ 
perature of the spirit is at (i0° F. Tables for correction of temperature 
when it varies from 60° F. are supjdied in tl is manual. 

The gauger’s cup is filled with the spirit to be tested according to 
the directions in this manual, and the hydrometer is carefully placed 
therein and the degree or per cent proof is read from the scale on the 
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stem at the surface of the spirits according to these published directions. 
A complete set of five stems according to the Standard of the U. S. 
Internal Revenue is shown in Fig. 61, ranging from water marked 0 to 
absolute alcohol marked 2ti0. 

The British proof j^allon is defined by law to be such spirit as at 
the temperature of ,')1° F. shall weigh of an equal measure of dis¬ 
tilled water. Absolute alcohol contains 175J per cent by measure or 



Fig. fit. Fig. (i2. 

Fig. f)].—Spirit Hydrometer .sjiowing Set of 5 Stems Aceording to tlie .Standard 
Aiiopfi'd liy tlie IJ. S. Internal Revenue Dept. Furnisliod iiy Emil (Ireiiicr Co., 
New York City. 

Fig. (12.—dauger.?’ Cup, with Thermometer. Furnished by lloffman-Ahlers Co., 
Ciiieiimati, Oliio. 

volume of jiroof spirit in the English system. The percentage by volume 
oj (iholiilr alcohol m.ay bo obtained by multiplying the percentage of 
jiroof sjiirit by the factor f)..570(j. 

The percentage by volume oj ■]>rooJ spivil may be obtained by dividing 
the percentage of absolute alcohol by volume by 0..')70G or multiplying 
it by 1.7525. The Rritish proof gallon k further dcscrilied in the 
Appendix of this hook. 
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TABLE 

OF WaTEII at tiO° l^AER. AS UnIIY. 

(From Gaugers' Manual, p. 575. 1900, U- H. Internal IlevenueO__ 


Per Cent 
Proof. 


8 

9 

10 

11 

la 

13 

14 
ll 

10 

17 

18 

19 
110 

21 

22 

23 

21 

25 

20 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 
.37 

38 

39 

40 


Alcohol. 

Water. 

Specific 

Gravity. 


Vols. 


0..50 

99.53 

0.99929 

1.00 

99.06 

0.998.58 

1 .50 

98 .59 

0.99787 

2 00 

98 13 

0.99716 

2.,50 

97. GO 

0 99645 

3 00 

97.19 ! 

0 99.574 

3 ,50 

90 72 

0 99.503 

4 00 

96 25 1 

0 99431 

4 .50 

9.5 78 ; 

0.99500 

5.00 

95 32 

0 992.89 

T) r>() 

94 85 

0.9922.1 

0.00 

94 :i9 

0.99160 

6.50 

93 93 

0.99098 

7.00 

93 48 

0.99036 

7..50 

93 02 

0.98974 

H.OO 

92 5(1 

0.98911 

H 50 

92 10 

0,98.849 

9 00 

91 64 

0.98787 

0 

91.18 

0.98725 

10.00 

90 72 

0.98663 

10.50 

90.20 

0.98608 

11.00 

89 81 

0.9S552 

11. r)() 

89.50 

0.98497 

12 (KJ 

SS.91 

0.9S441 

12 .50 

88 45 

0.9S5S0 

Ki 00 

88.00 

0.98330 

1H.50 

S7 - 55 

0.98275 

U 00 

87 10 

0.9.S220 

14 ri) 

86.65 

0.9S107 

15 00 

86.20 

0.98114 

15 50 

85.75 

0,98063 

1(5 00 

85.30 

0.98011 

16.50 

84.85 

0.979.59 

17.00 

84.40 

0.97907 

17..50 

83.95 

0.97860 

IS.00 

83.50 

0.97804 

18.50 

83 06 

0 977.53 

19.00 

82.60 

0.97702 

19.50 

82.16 

0.97651 

20.00 

81.71 

0.97600 


Per C'eut 
Proof. 


Alcohol. 


41 

42 

43 

44 

45 

40 

47 

48 

49 

50 

51 

52 

53 

54 


50 

57 

58 

59 
00 

01 

02 

03 

04 

05 

00 

07 

08 

09 

70 

71 

72 

73 

74 

75 

70 

77 

78 

79 

80 


Specific 

Gravity. 


Vols 

20.50 

21.00 

21 50 

22 00 

22 50 

23 00 
23..50 
21 00 
21 .50 
25 00 

25 50 
20 00 
20.50 
27 00 

27 50 

ZS 00 

28 50 

29 00 

29 .50 

30 00 

30 .50 

31 00 

31 .50 

32 00 

32 .50 

33 00 

33 .50 

34 00 
31 50 

35 00 

35 ,50 

36 00 

36 ,50 

37 00 

37 .50 

38 00 
3S .50 

39 50 
39.50 

40 00 


Vols 
81.26 
80.81 
80.36 
79.91 
79.47 

79 02 
78 .57 
78.12 
77 67 
77 22 

76.77 
76 32 
75.87 

75.42 
74 97 

74 52 
74 06 
73.61 
73.16 
72 70 

72 25 
71.79 
71.33 
■ 70.87 

70.42 

69.96 
69 49 
69 03 
68..57 
68.10 

67.64 
07.17 
66 70 
66 23 
06 77 

65 30 
64.82 
64 35 
63.88 
63.41 


0 97549 
0.97498 
0 97447 
0.97396 
0.97344 

0.97292 
0.97241 
0 97190 
0.97139 
0 97087 

0 97034 
0 96981 
0 96928 
0 96874 
0.90821 

0 96707 
0.96711 
0 966.5.5 
0.90.598 
0 96541 

0 96484 
0 96426 
0.96364 
0 90:',02 
0 96240 

, 0 90178 
0 96114 
: 0 96049 
1 0.9.5982 
0 95915 

0 95847 
0 95779 
0.95707 
0.9,5635 
0.95564 

0 95492 
0 9.5417 
0 95342 
0.96267 
0.95192 
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Resi-ective Volumes of Ai-oohol and Watf.u, and Specific Gkavity 


[Continued). 


Per ('cjif 
I’rodf. 





; I’ojs 

M 1 

1 -K) 

,i0 

.S2 i 

41 

(10 

i 

41. 

.')() 

.S-l 

42 

00 

aS") I 

42 

00 

j 

42 

00 

S7 

42 

,w 

8S 1 

41 

00 

cS!) i 

44 

.')0 

<10 

45 

00 

in ; 

45 

50 

92 1 

40 

00 

9;i ! 

40 

.50 

9i 

47 

1)0 

95 

47 

,50 

9(1 

4S 

00 

97 

4S 

50 

9S 

49 

00 

99 

49, 

hi) 

100* 

50 

00 

101 

.50 

,50 

102 

51 

00 

lo:i 

51 

.50 

104 

52 

00 

105 

52 

,50 

100 

52 

00 

107 

52 

,50 

lOS 

54 

00 

109 

54 

..50 

no 

55 

.00 

in 

55 

.,50 

112 

50 

00 

112 

.50 

50 

114 

57 

.00 

115 

57 

.50 

no 

58 

00 

117 

58 

50 

ns 

59 

00 

119 

59 

50 

120 

00 

00 


IVatcr. 

1 .S])pr]iir I 
[ (jiuvitv. j 

Pei ('eiit 
f^ionf. 

I Airnhn! 

1 Water ■ 

Specific 

Oiavity. 








1 


Vols 

Vols. ; 

0 91234 

02.92 

0.9,5112 

121 

00..50 

43 10 I 

00 15 

0 9.5031 1 

122 

01.00 

42 6.5 

0.91122 

01 97 

0 91950 

123 

01..50 

42 14 ; 

0 91010 

01..50 

0.94N09 

124 

02 00 

41.63 

0.90897 

01 01 

0.9478,5 

12.5 

02 50 

41.12 

0 90784 

00-.52 

0 91701 

120 

03 00 

40 61 j 

0.90671 

01) 05 

0 94017 

127 

03 .50 

40 U) 

0 906.56 

.59 57 

0 91522 1 

128 

(i4 00 

39 .59 

0 90441 

.59.0,S 

0 94140 1 

129 

01 50 

39 07 . 

0.90320 

.5S 00 

0 943.59 j 

130 

05 00 

38 56 

0 90211 

.5,S.]L> 

0 94271 ! 

131 

0.5 ,50 

38 05 I 

{) 90093 

57.02 

0 94183 i| 

132 

00 on 

37 .53 ' 

0 89975 

.57.14 

0 94092 ' 

133 

00 50 

.37 01 1 

0 898.56 


0 91003 

134 

07 (K) 

36 50 , 

0 89737 

,50.10 

0 93909 

135 

07..50 

3,5 98 

0 ,89010 

.5,5 67 

0 9381.5 

ISO 

08 no 

3.5 40 

0 89495 

55.18 

0 93721 1 

137 

()S 50 

34 94 ' 

0.89375 

51.09 

0 92027 

138 

09 00 

34.42 ■ 

0 892.54 

S-l 20 

0 93,532 j 

139 

69 50 

33 90 

0 89129 

.50 71 

0 93437 1 

110 

70 00 

33 3,8 

0 89003 

.50.21 

0 93341 

141 

70.50 

32 86 

0.8887H 

.52 72 

0 9324.5 

142 

71 00 

32.33 

0.88753 

r,*;) 

0 93144 

143 

71 .50 

31 8] 

0 88027 

51 72 

0.93043 

144 

72 00 

31 29 

0.88500 

,51.22 

0.92941 

14.5 

72 .50 

30 76 

0.88374 

.50.73 

0 92839 

140 

73 00 

30 24 

0 88247 

,50.23 

1) 92737 

147 

73 .51) 

29 71 

0 88119 

49.72 ' 

0.9203,5 

148 

74 no 

29 19 

0 ,87990 

49.22 

0 92.531 

149 ' 

74.50 

28 66 

0 87800 

43.72 

0 92427 

1,50 

7.5 on 

28,13 

0 87730 

48.22 

0.92322 

1.51 

7,5 ,50 

27 01 

0 ,87,599 

47.72 

0.92217 

1.52 

70 no 

27.08 

0 ,87407 

47 22 

0 92111 

1,53 

76..50 

26 55 

0 87334 

40 71 

0 92004 

1! '54 

77 00 

20 02 

0.87200 

4() 21 

0 91890 

1 155 

77 51 ) 

25 48 

0 87007 

4.5 70 

0 917,88 

1.50 

78 00 

24.9.5 

0.809.33 

4,5 19 

0 91079 

1.57 

78 ,50 

24 42 

0 80790 

44 09 

0 91.509 

! 158 

79 00 

23 88 

0 806,59 

44 18 

0 914.58 

; 159 

79 50 

23 35 

0.80522 

43 07 

0 91340 

100 

80.00 

22 81 

0.80384 


__ 

1__ 

_- 

. —— . 

- - 


* Ptoof In niixinc nlrtiliol an<l water a rtmlnu-lion in v(»luniP ensues Then* are rcciuired. 
theref<ne, to make UX) callon.s of proof spiiit, TiO Kullons of absolute alcohol and r).i 71 EiillonH tjf 
water. 
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Respective Volumes of Alcohol and Wateh, and Specific Ghavity 
(CoiMnued). 


Per Cent 
Proof. 

Alcoliol 


Vola 

101 

80 .50 

102 

81.00 

103 

SI .,50 

104 

82 00 

10,5 

82 .50 

im 

8 :i 00 

J()7 

S3 .50 

108 

84 09 

109 

Hi ,50 

171) 

8,5 00 

I/l 

85 50 

172 

S() 0!) 

173 

<sr> 50 

17^ 

87 00 

175 

87 .50 

170 

88 00 

177 

88 50 

17,8 

S': 00 

171) 

80 50 

380 

90 00 

_ 

__ 


Water. 


Vola 
22 28 
21.74 
21.20 
20 00 
20.12 

19 OS 
19 04 

IS no 
17. on 

17.41 

10 so¬ 
lo 02 
in 77 
in 22 
14 on 

14 11 

Ki nn 
12 99 
12 W 

11 S7 


SpPPlflR 

GiaviLy. 

1 Per Cent 
j Pi out. 

Akyiiol. 

Water, 

Sjjecific 

Gravity. 


I 

V<)l.4 

Vols 


0.85244 

181 

90.,50 

11 .10 

0.83210 

0.8H104 

, 182 

91 .(X) 

10.74 

0.83040 

0.8.5902 

i 183 

91 .50 

10.17 

0.82870 

0.8,5820 

1 184 

92 00 

9 00 

0 82700 

0.85078 

i 185 

92 50 

9.03 

0.82527 

0.85.535 

I.SO 

93 00 

8 45 

0 82348 

().8.53tKl 

187 

93 .50 

7.87 

0 82105 

0.85245 

188 

91 (K) 

7 2i) 

0 819X1 

0 8.5098 

189 

94 50 

0 70 

0 81790 

0 84950 

190 

<)5 00 

0 10 

0.81598 

0 84803 

I 191 

95 .50 

5 51 

0 81394 

0 81(i.50 

! 192 

90 00 

4 91 

0 81190 

0.84,502 

i 198 

90..50 

4 31 

0 80983 

0.81347 

194 

97 00 

3 70 

0 80770 

0 84189 

195 

97 50 

3 10 

0.80500 

0 84031 

190 

98 (X) 

2 48 

0 80350 

0 83873 

197 

!)S 50 

1 87 

0 80137 

0.83715 

198 

9!) 00 

1 25 

0 79918 

0 83.5.50 

199 

99 ,50 

0 02 

0 79()1X) 

0 ,8338,5 

200 

100 00 ■ 

0 00 

0 79401 


• uleuhol. 


♦ The Detection and Determination of Ethyl and Methyl Alcohols 
in Mixtures by the Immersion Refractometer.— tThc iinnior-sioii refrac- 
tomotcr usoil is the rectmtly devised in-strunient made by Zeiss. The 
ei>ii,stru('.tii);i of tlie iinmer.sion rcfraotoinctcr is such that, as its name 
implies, it may be immersed directly in an almost endless variety of solu¬ 
tions, the strength of which within limits may be deti rmined 1)\ tlie 
decree ■ f refraction read upon an arbitrary scale. Thus, for examiile, 
the streii 2 ;;hs of various acids and of a variety of salt solutions used as 
rcaseuts in the laboratory, as well as of formaldehyde, of sugars in solu¬ 
tion and of alcohol, are all capable of determination by the use of the 
imtncrsinu refraeto meter. 

Fig. 63 shows the form used by the authors of this test. P is a glass 
prism fixer! in the lower end of the tube of the instrument, while at the 
top of the tube is the ocular Or, and just- below this, on a level with the 


♦ By Albert E. IaiacIi and Hermann C. Lythgoe. Reprinted from the Journal 
-of the Ameriean Chemical Socety, Vol. XXVII, No. 8, August, 1905, 
t From Leach’s Food Inspection and Analysis. 
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vernier S(’re\v Z, i.s the sciiic on wliieli is rt^ad the degree of refraction of 
tlie li(iuid in which the prism is ininiersed. The tube ?iiay ho hold in 
the liand and directly dipped in the liquid to be, tested, this liquid being 
fonlained in a vessel witli a translucent bottom, through wliicli tlic light 
is reflee tetl. 



But the preferable method of use is, however, that shown in Rig. 63, 
the Zeiss immersion rofractorneter. vl is a metal bath with inlet and 
outlet tuiies, arranged whereby water i.s kept at a constant level. The 
water is maintained at a constant temperature, which will bo found of 
great convenience when the instrument is u.scd constiintly, especially 
with the solid fats. In the bath A are immersed a number of beakers 
containing the .solutions to be tested. T is a frame on which is hung the 
refractometer by means of the hook H, at jiist the right height to permit 
of the immersion of the prism P in the liquid in any of the beakers in the 
row beneath. Under this row of beakers the bottom of the tank is 
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composed of a strip of ground glass, through which light is reflected by 
an iMljustable pivoted mirror. The tcm])craturo of the bath is noted by 
a delicate thermometer immersed therein, capable of reading to tentlis 
of a d(“grco. 

lleturning to the main refractometer-tubc, R is a graduated ring or 
collar, wiiich i.s connected witli a sleeve vvitliin the tube with a compound 
jirism near the bottom, the construction being such that liy tairning tlie 
collar R oik; way or the other, tlic; chromatic ul)(;rration or dispersion of 
any liquid may 1)0 compensated for and a clear-cut shadow or critical 
line projected across the ,scal('. liy tdic gnuluation on the (‘.ollar R the 
degn^e of dispersion may b(^ read. Tenths of n, degree on the main .scale 
of tlie instrument may be resid with great accuracy by means of the 
v(!niier screw Z. graduated along its cireumference, tlie screw being 
turned in each case till the critical lino on tlio scale coincides with the 
nearest whole numbc'r. 

The scale of tlie instnnnenl reads from —.5 to lO.b, corresponding to 
indices of refraetinn of from l.lt'i.TSfl to l.;)6C40. It should be noted that 
the index of refraction may lie reiul with a greater degree of accuracy 
on till' iiiimersioii refraetometer than on the Abbe instrument. This 
iiistruiiien is shown in Fig. 04 (the Abbi"’ refraetometer with Icm- 
) M-nit ure-enntrolled prisms). 

A Zeis,, heating apparatus for heating the metal bath A is sliown 
ill Fig. 05. A siipjily reservoir A is secured to t.he wall and is connected 
by means of a rubber inlet-tube G to the water-faucet C. The reservoir 
is provided witii a waste overflow-jiipe and witli an outlet-tube D, the 
flow through tlie latter being regulated by the cock 11. Ttio tube D 
leads to the stnraliieater H.S, which is heated by a Bunsen burner. 

From the heater the tube E conducts tlie warm water through the 
refraetometer, from which it flows through the tube F, either directly 
into tlie sink or into the intermediate vessel B. The temperature of 
the water is regulated by adjusting the cock « and the height of the 
flame of the Bunsen burner. Such a heater is of great convenience when 
using this instrument with the solid fats. It can be obtained of the 
manufacturers. 

For convenience of reference a tabic showing specific gravity and 
percentage of alcohol for use with this refraetometer is given on pages 
158-163 (according to Hehner). 

The use of wood alcohol in various preparations which come within 
the domain of the public analyst for examination is apparently on the 
increase. It is especially to be looked for as an adulterant in medicinal 
preparations, liniments, tinctures, and in all varieties of flavoring and 



Fig. ()5.“Tiie Zoiss Heating Apparatus for all Forms of Rcfractometer. 
Shown in Connection with the Puli rich Uelractometer. 
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)thcr oxtracts high in alcohol. In Massachusetts we have found methyl 
ilcohol in various idiarmaccutical preparations, such :is tincture of 
iodine, and in lemon and orange cxtra(d,s. 

Existing methods for the detection of wood alcohol, with one or two 
3X(!eptions, are extremely unsiitisfactory. Most of the older methods, 
mch, for example, as the potiissium permanganate test, depend upon the 
presence of acetone in the methyl alcohol. With the improved refining 



processes used at the present day wood alcohol is readily obtainable free 
from more than traces of acetone, so that it is impossible to distinguish 
it from ethyl alcohol by its odor. Crude wood alcohol with acetone 
present in marked degree is frequently capable of being indicated even 
in mixture with ethyl alcohol by the sense of smell. It is the refined or 
deodorized methyl alcohol sold under a variety of trade names, such as 


etc., that one finds as an adultcmrd of tinctures, extracts, and beverages. 
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The most praetieil method hitherto used for the detection of methyl 
alcohol is that of Mulliken and Scudder,* whieh depends on the oxidation 
of the methyl alcohol in the sample to formaldehyde by the use of a red- 
hot spinil of copper wire, using, however, the hydrochloric acid and milk 
test for the detection of formaldehyde in the oxidized solution.f 

Attention is further called to the German officLil j)rocess of Windisch,t 
a color r&action depending on the transformation of the methyl alcohol 
to methyl violet. 

.Method.-f for the quantitative determination of wood alcohol are even 
more rare. Du prey § has suggested a method of concentrating the 
alcohol by n'poated distillation, after which part of tla; lireil distillate is 
oxidize<l to ticetic acid, the latter Ixdng litrahxl with alkali, while the 
idc()hoI is determined in the other jxirtion of the distillate from the 
sp('cilic gravity. Both methods with pure ethyl alcohol should give 
con(a)rdant results, whereas in presence of methyl alcohol a lower result 
is obtained by the oxidation process. 

The specific gravity of absolute methyl and ethyl alcohol is prac¬ 
tically identical, and it is also true tbit when mixed with varying pro- 
pirtions of water the specific gravity of Iroth alcohols is so nearly the same 
(with the same proportions of water in each) that the same tables for 
computation of percentage of alcohol from the specific gravity may be 
used in one case as in the ot.her. 

A very important physical constant, however, which we have found 
to tliffer most widely in the two alcohols is the index of refraction, and 
it, is on this property that we base our method for the detection and de¬ 
termination of methyl alcohol. 

Wo use for this purpose the immersion refractometor of Zeiss. This 
instrument wa.s fully described in a former paper by us.|| To illustrate 
the wide difference in rcfracaion between the two alcohols, the strongest 
commercial ethyl alcohol found on the market (the alcohol of the U. S. 
Pharnau'opmia, which contains 91 per cent of absolute alcohol by weight) 
gives a reading with the immersion refractometer of 98.3° at 20° C., while 
the reading of methyl alcohol of 91 per cent strength by weight, is 14.9°. 
Fifty per cent ethyl alcohol by weight has a refraction on the immersion 
refractometer of 90.3°, while the .same strength (50 per cent) of methyl 


♦ .4m. Cfiem. Jour., 24, 444 (1900); *«/, 27, 892. 

t Atm. Rept. Ma.s.9. State Board of Hcaltli, 1897, p. 558; Leach, Food Inspec- 
tioii and .Analy.sis, ]). 666. 

I Vcreinltar. z, (Inters, v. Nahr. u. Genussm., Heft II, p. 130. 

5 Analyst, 1, p. 4. 

II Am. L'honi .lour., 26,1196 (1904). 
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alcohol refracts on the instrument at 39.8°, all readings being made at 
20° C. From this wide variation it is readily seen that there Ls no trouble 
in detecting even small amounts of methyl alcohol in mixtures. Table I 


Taui.e 1.—Pehcentaqe by VVeigut of Ethyl and Methyl Alcohols Corre- 
si'ONDiNO TO Scale Reahing.s on Zei.s.s Immeh.sion Refractometeh at 
1»° C. 



Per Cent Alcnhol by VVeiKlit. 
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90 

59.00 95 00 

1 « 
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4.19 
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84 SO 
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02 
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20 
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83 00 
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03 
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24 
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.5 94 

04 
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0 .50 

05 
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20 
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SO 00 

7.00 

00 

28.29 



27 

20.93 

78 75 
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07 

28.88 



2,S 

22.47 

77.43 

8.09 

08 

29.44 



29 

23.90 

70,00 

8.04 

09 

30.00 



30 

26.,50 
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9.20 

70 

30.71 



31 

27,18 
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9.70 
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31.47 



32 
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33 
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37.00 



39 

43.93 

i 

14.19 

79 

37 90 





152 


DENATURED OR INDUSTRIAL ALCOHOL. 


shows the pereerilngi' by weight :it 20° C. of the two alcohols correspond¬ 
ing to degree of scale reading on tlio refractometer. 

The difference in refraction between the two alcohols varies con¬ 
siderably for different strengths. In the case of methyl alcoliol, start¬ 
ing at zero (or water containing no alcohol), at which the reading on the 
immersion at 20° is 14.5, the rel'ractlon gradually increases with increas¬ 
ing stiength of methyl alcohol up to about .50 per cent of the latter by 
weight, wh('re the rrifrac.tion reaches its rna.vimum, after wliich for higher 
streiiglhs of nnhliyl alcohol it drops quite rapidly until at 100 per eent 
the refraction is but 2.0. 

In the case of ethyl alcohol, starting, as before, with irure water an<l 
increa.sing the stnaiglh of the solution in alcohol, the refmetion in<T(!a.sc,s 
quite raqmlly up to solutions of about 7.5 per cent strength, where it then 
drops slight Iv, but by no means to such an e.xtenl as in the c.a.se of methyl 
alcohol. It will thus be .seen that by far the widest variations in relrac- 
tioii between the two alcohols take place above ,50 per eent in strength. 

From the pr'culiar shape of both alcohol curves, rising gradually to a 
maximum and then falling, no confusion sliould bo caused by the tact 
Ih.at in some eases one scale reading may corrcispond to two rliffercmt 
fXTcr'ntages of strengtli of the .same alcoliol. 

Tlie detection ot wood alcohol by this method is comparafivedy simple 
and eonsisl.s in submitting to retraction with tlie imincrsion rcfractmnet.er 
the distillate which one makes for the determination of ethyl alcohol in 
the regular manner in alcoholic beverages, essences, tinclnrc.s, extracts, 
or whaUwer may be tlie nature of the substance's to be examined. If the 
refraction of the liiiuid .shows the jiereentage of alcohol agreeing witii 
that obtained from the specilie gravity in t,he regular manner, it may 
.safely be as.sumed that no methyl alcohol is pre,sent. If, however, tlierc 
is an ap])reeiable amount of mctliyl alcohol the low refractometer reading 
will at once indicate t.he fact. If the absence in the solution of otlier 
H'fraclive substances tlian water and the alcohols is as.sured this qualita¬ 
tive test by difference in refraction is comiusivc, but if there is doubt 
a confirmatory test by the Mullikon and Scudder method* should be 
made. 

Not only can methyl alcoliol be thus readily detected, but the amount 
may be approximately and in .some ca.ses very accurately determined. 
Adilition of methyl to etfiyl alcohol decreases the refraction in direct 
projiortinn to the amount present. Hence the quantitative calculation 
may be leadily made by interpolation in Table II, which follows, u.sing 


* Loc. cit. supra. 
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the figures for pure ethyl and methyl alcohol of the same alcoholic strength 
as the siuiiplc. The degree of accuracy of this calculation varies with 
the strength of alcohol. For instance, with an alcoholic strength of 10 
per cent there* is less exactness than at 50 per cent strength, where 1 
per cent or even k'ss can be readily determined. From this point on the 
dc lic.acy of the process naturally iu(T(!ascs, until at 90 per c(nit strength 
0.1 per cent of methyl alcohol may be determined with accuiacy. 


Tai)I.e II.— Scale REAnmn.s on Zeiss 1m.\ikhsion Refhacto.meteh at 20° C. 
('<inRi!.si>()Nm.v« TO Fai.ti I’nu Cent hv WKiian or Kthvi, .and Methyl 
.\ i.c<nioL. 
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hy 
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Alcolud. 

0 
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34 
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68 
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99.4 

i 
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35 
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69 

33.5 
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‘J 

16.4 

17 6 

36 

36.3 

76 9 




3 

16.0 

19 1 

37 

36 8 

78 0 

•70 

33 0 

100 0 

4 

16.G 

20.7 

38 

37 3 

79.1 

71 

32.3 

100 2 

5 

17 2 

22 3 

39 

37.7 

80 2 

72 

31.7 

100 4 

0 

17 S 

24.1 




73 

31 1 

100 6 


IS 4 

25.9 

40 

38 1 

81 3 

74 

30.4 

100 H 

8 

19 0 

27 ,S 

41 

,38.4 

82 3 

75 

29.7 
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9 

19.0 
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42 

38 8 
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76 
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43 

39.2 
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77 
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100.9 

10 
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,31.4 

44 
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27.6 
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u 
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33.2 

45 
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SO 2 

79 
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12 

21.4 

35.0 

46 

39.5 
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13 
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47 
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80 
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14 
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81 
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49 
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82 
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Ki 
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83 
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17 
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50 
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IH 
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46.5 

51 

39 7 
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85 
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19 
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52 
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87 
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88 
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Table II shows the refraction on the innnia'sion refractomcter corre¬ 
sponding to each percentage of alcoliol, i.x)th ethyl and moth)’!, by wciglit, 
all n'iidings being tahen at e.xiictly 20° C. This table will show at a 
glance whether a solution of given strength of alcohol as determined 
from the .specific gravity contains ethyl or methyl alcohol or is a mix¬ 
ture of the two. 

The fact should be borne in mind tliat. in the oxiwnination of flavor¬ 
ing extracts it is difficult to so coiu])letely septiratc out the volatile' oils 
as to prevent minute traces from appearing in the distillate. The.se, 
and indeed any volatile suhstiuices pri'sent in marked degree, appreciably 
affect, the aceurai^y of tlic quantitative results, though mere traces do 
not cause serious error. The pre.senee of notable amounts of ueetone 
exercises also a marked effect, but the purified wood alcohol commonly 
used as an adulterant contains so little ac'etone that it may ordinarily 
Ix' neglect.eil in expressing approximate results. Pure acetone refracts 
considerably lower than ethyl alcohol. 

Two or three examples of actmil ca.si's as found in the routine inspec¬ 
tion of foods and drugs in JIa.ssachusett.s will best illustrate the met hod 
of calculation, Por det.onuination of total alcohol from tlu' specific 
gravity llclmer’s alcohol tables were u.sed (as given on pages Lb.S-Ktd). 

(1) A lemon extract found by the polariscoix' to contain 4.9 ])cr ccuf 
of lenioii-oil by volume and 90.20 per cent of alcohol by volume at 1.5° 
was freed from lemon-oil by diluting four times with water, treating with 
nuignesia in the regular manner and filtering. A measured portion of 
the filtrate was then distilled and the distillate made up to the measured 
portion taken. This (listillale was found to Imvc a specific gravity of 
0.97116, corresponding to IS.TS ]X'r cent alcohol by weight,* and to have 
a refraction of 3.5.S on the Zeiss immersion refra.etometer. 

By interpolation in Table 11 the readings of ethyl and methyl alcohol 
corresponding to 18.38 per cent alcohol are 47.2 and 25.4 respi'ctively, 
the difference being21.8. 47.2-3.5.8 = 11.4. (11.4 = 21.8)100=52.3. In 
this case 52.3 per cent of the alcohol present was methyl. 

(2) An orange extraiR was found with 1.5 por (xmt of orange-oil and 
83.2 per cent of alcohol by volume at 1,5° C. The .s]x>cific gravity of 


*Our methyl-ethyl alcohol tallies lieing most conveniently worked out on the 
weight-per cent- tiasis, the per cent by weight ratlier tlian by volume of the dilule 
distillate is here taken. Percentage of total alenliol in the extract as well as of 
lemon-oil we commonly express by volume. In this case the, specific gravity 
0.97.S6 corre.spnnds to 22.5.5 per cent alcohol by volnine. The per cent by volume 
of total alcohol in the extract, 90.20 at 15° C., is found by multiplying 22.55 by 
4 to correct for tiie dilution. The alcohol table,s used arc given im jip. 
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the one-fourth strength distillate, freed from oil as in the case of the 
lemon extraet, was 0.9754,- eorresponding to 1G.92 per cent alcohol by 
weight. Refraction of the distillate at 20° C. was 42.0. Rcading.s of 
ethyl and methyl alcohol of 16.9 strength are, according to Table II, 
44.3 and 24.5 respectively. Difference 19.8. 44.3-42 = 2.3. (2.3 = 
19.8) 100 = 1.2. 'Thus, 1.2 per cent of the alcohol present was irndhyl. 

(3) 6.3 c.c. of tincture of iodine, after titration with N/IO .sodium 
thiosuljihate (in the regular mann(>r for detcrniinlng its .strength accord¬ 
ing to the LI. S. Pharmacoixi'iti), were neutralized with N/10 sodium 
hydroxide and distilled, collecting 2,5.2 c.c. of tlie distillate, correspond¬ 
ing to a dilution of 1:4 of the .sample. The distillate contained 20.92 
per cent alcohol l)y weight, refraction 27..5 at 20° C., indicating 99 per 
cent of th(' alcohol to be methyl. There is no doubt, that the alcohol in 
this ca.se was entirely methyl, the slightly high refraction of the distillate 
being due to the jire.sence of a slight amount of volatile substance formed 
by decomposition of (he lincture of iodine. 

The accuracy of the inet.ho<i is shown iti a general way by a scries of 
experiments, the re.sults of which are tabulated as follow.s; 

TaBLK III.—UraDINOS ok IhXl’KKlMKNTMi MiXTL'UES OK MkTHYL ANI) KthYL 
Aia'oiiols. 
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* The Determination of Methyl Alcohol in Denatured Alcohol by 
the Zeiss Immersion Refractometer. —This metliod of Leach and 
Lythgoc just described is applied more particularly to the pure wood 
alcohol (whicli is jiractically free from odor and im]ruritios, and would 
therefore be less desir.able for denaturing piirpo.ses), but in the case of 


* This procedure does not separate the two alcohols, but merely removes these 
other Rulistances in order that tlic calculation may be made. 
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denatured alcohol which contains acetone and petroleum benzine a 
sliffiitly different procedure is necessary. They recommend a test as 
follows; Take 115 c.c. of the sample of denatured alcohol and dilute to 
lOU c.c. willi water; add about 5 grins, powdered magnesium carbonate, 
shake well, and filler. 

Tlie filtrate is free from petroleum benzine, but contains the acetone 
and the alcohols. 

A measurcid portion of this filtrate 55 c.c. is washed into a distilling- 
flask and treated with 10 grms. of powdered ])otassium bisulphite and, 
after standing an hour, is distilled, taking ,55 c.c. of distillafe. 

This distillate is free from acetone, but contains some suljdiurous 
acid, and in order to remove this it is distilled with sodium hydro.xide, 
the final distillate being nuule up to ,55 c.c. 

The specific gravity ,and refraction of this final distillate is taken, 
and the percentage of methyl and ethyl alcohols is calculali'd from 
the tables. The jicrccntago of the alcohols in this last distillafe must 
be multiplied by 4 to express the results in terms of the origimd 
sample, 'llie alcohol tables usihI are gi\'eii on pp. lo.S-lOS. 

The .41)1)6 rcfractometcr may be used for approximate work, but 
docs not give the accuracy which is obtained by the immersion refrac- 
tumeler. 

A table which may be used in connection witli the Abb6 instrument 
is given lus follows: 


Taule for Use with the Abbio Refractometer. 



Index of Ue.fraction, 


Index of Itefraction, 


Index of Kefractiun 


n/J. 

Per Cent 

ni). 

Per Cent 

nl) 




Alcoiiol 



Alcohol 






by 



hy 




Methvl 

Ethyl 

Weight. 

Mctiivl 

Ethyl 

Weight. 

Methyl 

Kthvl 


Alcohol. 

Alcohol. 


Alcohol 

Alcohol. 


[ Alcohol. 

Alcoiiol. 

0 
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1.3354 

14 

1..3:i61 

1..3423 

24 

1.3386 

1.3495 

5 

1..3340 

1.3.360 

15 

1.3364 
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Example of the Dctermiimtion of Methyl Aleohol in Denatured Alcohol by 
the Zeiss Immersion Refractometcr. 

The sample of dc-natim'd alcohol was made by mixing 

100 c.c. of conmiercial 95% alcohol; 

10 c.c. of coniinercial wood alcohol; 

0.5 c.c. of petroleum benzine. 

This .sample was then analyzed by the above method with the follow¬ 
ing result: 

Specific gravity of final distillate 0.9707. 

Refraction of final distillate 47.5. 

Alcohol corresponding to sp. gr. 19.08% by weight, 

=2:1.38% by volume, 
Refraction of 19.08% ethyl =48.7 
Refraction of methyl alcohol =25.9 


22.8 




Hence 5.26% of the total alcohol is methyl alcohol; 

23.;i8X4 =9.3.52% total alcohol by volume; 

9:3.,52X0.526= 4.92% methyl alcohol by volume in sample; 

88.00% ethyl alcohol by volume in sample. 

A second analysis gave results so close to this one that it was con¬ 
sidered unnecessary to include it hero. 

The small amounts of pyroligneous impurities always present in 
commercial wood alcohol will have a slight effect upon the refraction 
of the distillate, making the percentage of methyl alcohol slightly less 
than it should be. 
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denatured or industrial alcohol. 


Tables Showing the Specific Gravity and Rehcentaoe of Alcohol 


(According to Hclincr.) 


SiK'cific 
<ira vi(y 

Hi 

lo G" c:. 

Ab.8 

Per Cent ! 
by 

uluto Alcohol. 1 

Specific 

Gravity 

at. 

16.0'' C. 

Absolute Alcohol 

Per (’ent 
by 

Volume. 

Clram.s 

JUT 

100 c. 

Per Cent 
b.\ 

Weijrht. 

Per Cent 
bv 

Volume 

Grams 

per 

lOb c c. 

1 {H)00 1 

0 00 1 

0 00 

0.00 





0 9999 

S 

0 05 

0 11 

0 16 

0 07 
0.13 
O.L’O 

0 05 
0.11 
0.10 

0.9959 

8 

7 

2 33 

2 30 

2 41 

2 9:5 

3 00 

8 07 

2 32 

2 :58 

2 43 

i) 

0 21 

0 26 i 

0 .2G 

0 33 

0 21 

0 20 

0 

5 

2 50 

2 50 

3 \-i 
;5 21 ! 

2 49 

2 5.5 

'1 

0 02 

0 07 

0 10 
0,40 

0 32 ' 
0 37 1 

4 

3 

2 01 

2 07 

:5 28 i 
;5 35 ! 

2 60 

2 65 

2 

0 42 

0 .53 

0 42 

2 

2 72 

15 42 

2 70 

1 

0 

0 47 

0 5;i ; 

0 00 

0 00 

0 47 

0 .53 

1 

0 

2 78 
2.83 

A 49 

3 55 

2 70 
2.81 

0 9989 

v; 

0 58 

0.73 

0..58 

0.9949 

2 SO 

3 62 

2 87 

■1 (p) 

0 63 

0 70 

0 03 

8 

2 01 

3 69 


7 

0 

5 

0.68 

0 74 

0 79 

0 SO 

0 03 
0.00 

0 OS 

0 74 

0 70 

7 

0 

5 

3 00 

3 00 

3 12 

3 76 
:5 83 

3 90 

2 98 

3 04 

3 10 

4 

'A 

0 81 
0.89 

1 no 

1.13 

0 S.1 

0 so 

4 

3 

3 18 

3 24 

3 98 

4 05 

3 16 

A 22 


0 95 

1 10 

0 0.5 

2 

3 20 

4 12 

:{ 27 

\ 

1 00 

1 20 

1 on 

1 

3 3,5 

•4 20 

3.:5:5 

0 

1 06 

1 34 

1 00 

0 

3 41 

4 27 

A . .39 

0 9979 

1.12 

1 42 

1 12 

0.9930 

3 47 

4 154 

:5.4.5 

0 r. 1 

K 

1 19 

1.49 

1.10 

8 

3. .53 

4 42 



1 25 

1 .57 

1 .2,5 

7 

3 .50 

4 49 

A 57 

f, 

1 31 

1 0.5 

1 .31 

0 

3 05 

4 56 

;5.6:5 

5 

4 

1 37 

1 44 

1 73 

1 81 

1.37 

1.44 

5 

4 

3.71 

3 70 

4 f);5 

4 71 

3.69 
.3 7 4 

A 

1 50 

1 KK 

1 .,50 

• J 

3.82 

4 78 

3 80 

2 

1 56 

1.00 

1..56 

2 

3 88 

4 85 

:5 85 

1 

0 

1.02 

1.69 

2 04 
2.12 

1.01 

1.08 

1 

0 

3.91 

4 00 

4 93 

5 00 

3.91 

3.97 

0.9909 

s 

1.75 

1.81 

2.20 

2 27 

1.74 

1.80 

0.9929 

S 

4 Of) 

4 12 

5 08 

5 16 

4 03 

4 09 

7 

1.87 

2.3.5 

1.80 

7 

4.10 

5 24 

4 16 

f, 

1 94 

2.43 

1.93 

0 

4 2.5 

5 .32 

4.22 

5 

2 00 

2..51 

1.99 

5 

4 31 

5 :59 

4 2S 

4 

2 06 

2 .58 

2 0,5 

4 

4..37 

5.47 

4.34 

3 

2 11 

2 02 

2 10 

3 

4 44 

5.55 

4 40 

2 

2.17 

2 72 

2 16 

2 

4 .50 

5 6:5 

4 46 

] 

2 22 

2.79 

2.21 

1 

4..50 

5.71 

4.52 

0 

2 28 

1 

2 80 

2.27 

0 

4.02 

5 78 

4.58 
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Specific Gravity and Percentage of Alcohol— {Continued). 


Specific 

Gravity 

at 

16.6" C. 

Absolute Alcohol. 

Specific 

Giavtly 

at 

1 S.O" c. 

i 

Absolute Alcohol. 

Per Cent 
bv 

Weight. 

Per Cent 
by 

Volume. 

Grams 

per 

lOU c.e. 

Per ' erit 
b\’ 

V\ fight. 

Per 4 cut 
by 

Volume. 

(iram.s 

pel 

100 e.c. 

0.991!) 

8 

4 09 

4 75 

4 81 

5.80 

5.94 

0 02 

4.05 

4 71 
4.77 

0.9879 

8 

7 

7.33 

7.40 

7 47 

9. 

9 

9 

13 

21 

29 

7.24 

7.31 

7 37 


4 aS7 

0.10 

4.83 

G 

7.53 

9 

37 

7 Ali 


A 94 

0.17 

4 90 

5 

7 00 

!) 

45 

7 50 


T) 00 

0 24 

4.95 

4 

7.07 

9 

54 

7 57 


5 00 

V).:y2 

5 01 

3 

7 73 

9 

02 

/ 1)3 

2 

5 12 
f) 19 

() 40 
0.4S 

5 07 

5 14 

2 

1 

7 80 
7.87 

9 

9 

70 

78 

7.70 

7.77 

0 

5 25 

0.55 

5 20 

0 

7 93 

9. 

so 

7.83 

O.'J'JUS) 

s 

5 31 

5 37 

5 -14 

0 03 
0.71 
0.78 

5 20 
5.32 
5.39 

0 9809 

8 

7 

8 00 

8 07 
8.14 

9. 

10 

10 

95 

03 

12 

7 89 
7.90 

8 04 


f) 50 

0 80 

5.45 

0 

8 21 

10 

21 

8.10 


f) 50 

0 94 

5.51 

5 

8.29 

10 

30 

8 17 


5 (»2 

7 01 

5.57 

4 

S.30 

10 

38 

8 24 


.5 09 

7.09 

5.04 

3 

8 43 

10 

47 

8.31 


5 75 

7 17 

5,70 

2 

8 50 

10 

50 

8 38 


5 81 


5.70 

1 

8.,57 

10 

05 

8.45 

0 

Cy 87 

7.32 

5.81 

0 

8.04 

10 

73 

8.52 

■0.9899 

5 94 

0 00 

7 40 

7 48 

5 88 
5.94 

0 9859 

8 

8.71 

8.79 

10 

10 

82 ‘ 
91 

8.58 

8.00 

7 

6 

0 07 
0.14 
() 21 

7.57 

7.00 

7.74 

0 01 

0 07 
0.14 

7 

0 

6 

8.8G 

8.93 

9 00 

11 

11 

11 

00 

08 

.17 

S, / .S 
8.80 
8.87 


0 ‘^8 

7 88 

0 21 

4 

9 07 

11 

.20. 

8.93 



7 92 

0 29 

3 

9 14 

11 

.35 

9 00 


{\ 4 . 

8 01 

0 30 

2 

9.21 

11 

44 

9.07 


0 50 

8.10 

0 43 

T 

9 29 

11 

. 52 

9 14 

0 

0.57 

8.18 

0.50 

0 

9.30 

11 

G1 

9.22 

0.0SS9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

0.04 

0 71 

0 78 
O.SO 

0 93 

7 00 
7.07 
7.13 
7.20 
7.27 

8 27 
8.30 

8 45 
8.54 

8 03 

8 72 
8.80 
8.88 
8.96 
9.04 

0 57 

0 03 
0.70 

0 78 
6.85 
6.92 
6.99 
7.05 
7.12 
7.19 

0.9849 

8 

7 

6 

5 

4 

3 

2 

1 

0 

1 

9 43 
9.50 
9.57 
9.04 

9 71 

9 79 

9 80 
9.93 

10 00 

10 03 

11 

11 

11 

11 

12 

12 

12 

12 

12 

12 

70 

.79 

87 

90 

05 

13 

22 

1.31 

40 

.49 

9 29 

9 35 

9 42 

9 49 
9.56 

9 04 

9 71 

9 77 
9.84 
9.92 
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' DENATURED OR INDUSTRIAL ALCOHOL. 


Specific Giuvity and Pehcentage of Alcohol— {Continm:d). 


Absolute Alcohol. 


AlLStAiitc AIc()hoI. 


Specific. 

Gravity 

i 

I 


- I 

Specific 

Gravity 



— 

at 

lot)- V. 

Per Cent 
by 

Weight. 

Per Cent 
by 

Volume. 

Grams | 
))ei ii 

lObcc i; 

at 

10 0 ' C. 

Per (Viit 
bv 

W cit?bt 

Per (’cut 
l,v 

\ ulunic 

pel 

1()() C.C. 

0 

1 

' 10 ^r> 

12 AS 

!i 

9 90 !■ 

0.9799 

13 23 

10 33 

12 9fi 

s 

1 10 Si 

12 OS 

10 00 1 

S 

13 21 

10 43 

13 03 

7 

10 ,-(1 

12 77 

10 13 !i 

7 

13 3S 

III 52 

13 10 

0 

' U) ;i,s 

12.87 ! 

10 20 l': 

0 

13 40 

10 01 

13 IS 

f) 

10 Ri ; 

12 00 1 

10 2S jj 

5 

13 54 

10 70 : 

13 20 

4 

10 r,4 j 

V! or, ! 

10 3« 1! 

4 

13 02 , 

10 SO 

13 33 


10 ().' 

t:i 15 1 

10 44 . 

3 

13 09 

10 S9 

i;; 40 


10 00 1 

10.21 i 

10 .51 j' 

2 

13 77 ‘ 

10 9S j 

13 4S 

1 : 

10 77 i 

i.'i i 

10 .59 i 

1 

13 S.5 i 

17 OS 1 

13 .56 

0 ' 

10 S.5 1 

13 43 1 

10 07 l! 

0 

13 92 ! 

17 17 1 

13 03 



17 50 90 

17 70 M 04 





ALCOHOLOMETUY, 


161 


Specific Gravity and PEitcENTAaE of Alcohol— (CoNliViucti). 


Specific 

Gravity 

at 

15.0° 0. 

Absolute Alcohol, 

Specific 

Gravity 

at 

15.0° C. 

Absolute Alcohol. 

Per Cent 
by 

■yVeight. 

Per Cent 
by 

Volume. 

Grams 

per 

100 c.e. 

Per Cent 
i)y 

Wciglit. 

Per Cent 
by 

Volume. 

Grams 

per 

100 c.c. 

0.9759 

1«.54 

20.33 

16 13 

0.9719 

19.7.5 

24.18 

19.19 

8 

16 02 

20 40 

10.21 

s 

19.83 

24.28 

19 27 

7 

IG 09 

20 52 

10.28 

7 

19.92 

24.38 

19,36 

6 

19.77 

20 til 

10.3.5 

0 

20 00 

24.48 

19.44 

5 

Hi S5 

20.71 

10 43 

5 

20 08 

24 ,58 

19 51 


10.92 

20 SO 

JO .50 

4 

20.17 

24.68 

19.,59 


17 00 

20 S9 

10 57 

3 

20 25 

24.78 

19 66 

2 

17 OS 

20.99 

Hi 05 

2 

20 33 

24 88 

19 74 

1 

17 17 

21.09 

10 74 

1 

20 42 

24 98 

19 83 

0 

17.2:) 

21.19 

10 81 

0 

20 50 

2;5 07 

19.90 

0.9719 

17 

21 .29 

H) 89 

0.9709 

20 58 

25 17 

19.98 

8 

17 42 

21.29 

1() 97 

8 

20 07 

2.5 27 

20 07 

7 

17 .50 

21.49 

17 05 

7 

20 7.5 

25 37 

20 14 

G 

17 58 

21 59 

17.13 

(i 

20.83 

25 47 

20 22 

5 

17 07 

21 .09 

17 20 

5 

20 92 

25 .57 

20 30 

4 

’ 7 75 

21 .79 

17 29 

4 

21 00 

25 67 

20 33 

3 

17 S3 

21 89 

17 37 

3 

21 OS 

2.5 V(i 

20 16 

2 

17.92 

21 99 

17 40 

2 

21 15 

25 86 

20 52 

1 

IS 00 

22 on 

17 .51 

1 

21 23 

25 95 

20 .59 

0 

IS. OS 

22 18 

17,01 

0 

21.31 

26 04 

20 (57 

0.9739 

l.S.1,5 

22 27 

17 08 

0.9099 

21 .38 

26.13 

20 73 

s 

18.24 

22 30 

17 70 

8 

21 46 

26.22 

20 81 

7 

IS 31 

22 40 

17 82 

7 

21 54 

2(5 31 

20 89 

6 

1.S 38 

22 55 

17 90 

0 

21.62 

2(5 40 

20 9(5 

5 

IK 4(5 

22.01 

17 97 

5 

21 (59 

26 49 

21 03 

4 

IS .54 

22 73 

18 0,5 

4 

21 77 

26 58 

21 11 

3 

18.(32 

22 S2 

18,13 

3 

21 8.5 

2(5 (57 

21.18 

2 

1^.09 

22.92 

18.19 

2 

21 92 

26.77 

21 25 

T 

18.77 

23 01 

18.27 

1 

22 00 

26.8(5 

21 33 

0 

1S.S5 

23.10 

IS. 34 

0 

22 08 

2(1 9.5 

21.40 

0.9729 

IS 92 

23 19 

IS 41 

0.9089 

22 15 

27 04 

21.47 

8 

19 on 

23.18 

18 48 

8 

22 23 

27 13 

21 .54 

7 

19 ns 

23 38 

IS..50 

7 

22 31 

27 22 

21.GI 

6 

19 17 

23.48 

18 6.5 

0 

22 38 

27.,31 

21.(58 

5 

10 25 

23 .58 

18 73 

5 

22 46 

27 40 

21 76 

4 

19.33 

23.68 

18.80 

4 

22 54 

27 49 

21.83 

3 

19.42 

23.78 

18.88 

3 

22 62 

27..59 

21 90 

2 

19 .50 

2,3.88 

18 9,5 

2 

22 69 

27 68 

21 96 

1 

19..58 

23.98 

19,03 

1 

22.77 

27.77 

22 01 

0 

19.67 

24.08 

19.12 


22 85 

27.80 

22.12 
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DENATURED OR INDUSTRIAL ALCOHOL. 


SpEcmc Ck.vvity and Pehcentace oi' Alcohol— (Continued). 


AbsiuliilP Alcfjhol. 


Ahioluto Ali'oliul. 


Specific 

1 



ji Specific 

- 

_ 

__ 

(inivi! v 


1 

1 

1 Ciiaviiv 




jif 


I Per (’enl 

1 (Jratns 

, 

PtT (Vnf 

j Per (.ent 

1 (Jronis 

]:>0' (' 

' I>v 

1 b.V 

1 fKT 


f by 

I bv 

1 per 


I 

' Vuluirie. 

100 c.o 


B uiglit. 

\ (iIuillP. 

i IWe.c. 

U h(i79 


27.95 

22 IS 

0 9470 

36 00 

42 95 

34 09 

s 

2:5 00 

28 04 

22 20 

0 94.52 

37 00 

44 06 

34.90 

7 

23 0.8 

28 13 

22.33 

(1 9434 

38 00 

45 16 

3,5 85 

f) 

23 1,5 

px 

22.40 

0 9416 

39 00 

46 26 

36 72 

5 

23 23 

28.31 

22 47 

0.9396 

40 00 

17 35 

37 58 

4 

22 21 

28 41 

22 54 

(1 9376 

41 00 

48 43 

38 44 


23 38 

28.,50 

22.01 

0 9356 

42 00 

19 .50 

39 30 

2 

22 49 

28..59 

22 09 

0 9335 

43 00 

5)0 57 

40 14 

I 

23 .51 

2S 98 

22 76 

0 9314 

44 00 

51 03 

40 97 

0 

22 92 

28.77 

22 83 

0 9292 

45 00 

52 ()8 

41 81 

0 <)G09 ' 

22 99 

28 86 

22 flO 

0 9270 

40 00 

53 72 

42 64 

s , 

2.3 77 

28 9.5 

22 97 

j 0.9248 

47 00 

54.70 

43 47 

7 ' 

22 S5 

29 04 

23 05 

! 0 9226 

48 00 

55 79 

44 28 


22.92 

29 12 

23 11 

! 0.9204 

49 00 

.50 82 

45 09 

R 

21 W) 

29 22 

2,3 HI 

1 0 9182 

,50 00 

57 84 

45 >JI 

4 

24 08 

29.31 

23.27 

! 0 9159 

51 00 

58 85 

46 7i 

3 

24.15 

29 40 

23 33 

0 9135 

52 00 

59 84 

47 .50 

2 ! 

24 23 

29.49 

23 40 

0 9113 

,53 00 

{50 85 

48 29 


24 31 

29.,58 

23.48 

0 9090 

.54 00 

61 84 

49 08 

0 

24.38 

29.67 

23 55 

0 9069 

55 00 

62 84 

49 88 

0 9fi59 ; 

24 46 

29 76 

23 62 

0 9047 

56 00 

{)3 82 

.5(1 66 


24.,54 

29 89 

23.70 

0.9025 

57 00 

64 80 

51 44 

7 

24 62 

29 95 

23 77 

0 9001 

,58 00 

6.5 77 

52 21 

n ! 

24 69 

30 04 

23 84 

0 8979 

59 IK) 

(){) 74 

.52 98 

5 

24 77 

30.13 

23 91 

0 89.56 

60 00 

67 69 

.53 74 

4 

24 8,5 

30 22 

' 23 99 

0 8932 

61 00 

68 64 

,54 49 

3 

24.92 

30.31 

24 05 

0 8908 

62 00 

(59 58 ' 

.55 23 

2 

25 00 

.30 40 

1 24 12 

0 888f) 

63 00 

70 52 

.55 98 

r 

2.5 07 

30 48 

24 19 

0 8803 

64 00 

71 46 

56 72 

0 

25 14 

30 57 

21 26 

0,8840 

()5 00 1 

1 

72.38 

,57 46 

0.9038 

20.00 

31 ,57 

25.06 

0.8816 

66 00 

73 .30 

,58 19 

n 9023 

27.00 

32 73 

25 98 

0 8793 

67 on 

74 22 

,58 91 

9 9900 

28 00 

2:1 89 

2() 90 

0 8760 

OS 00 

75 12 

59.63 

0 9593 

29.00 

35 05 

27 82 

0 8745 

69 on 

70 01 

GO 34 

0 9.578 

30 00 

36 20 

28 73 

0 8721 

70 no 

76 91 

61 05 

0 9.500 

31 00 

37 34 

29 63 

0 8696 

71.00 

77.78 

61.74 

0 9.514 

32 00 

38 47 

30 53 

0 8672 

72.00 

78 66 

62.44 

n 9r)2s 

33 00 

39 91 

31 43 

0 8049 

73 on 

79 ,51 

63 14 

0 9.511 

34 00 

40 74 

32 32 

n 8625 

74 on 

SO 40 

63 83 

0 0490 

35 00 

41.84 

.33 21 

0.8603 

75 00 

81 28 

64..52 


Tlie British proof gallon at lo.ti® C. lias a spet'ific gravity of O.DlhS and con- 
tains A^^:2\ por font of absolute alcolio] by weight and 57.nc'pcr cent of absolute 
alcohol l»y volume. 
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SrEciFic Giiavity anb Peuoentage of Au.'niioii—(Continued). 


Abaolute Alcohol. 


Per Cent Per (’etit Cruras 

b.\ by per 

Weiulil. Vh»!mne. 100 c.c. 


Absolute Alcohol. 


Per Cent 
by 

Weiylit. 


Per Cent 
by 

Volume. 


Specific 

Gravity 

at 

lo.fP C. 


0.H5S1 
0.8557 
0 8533 
0 8508 
0.8-183 
0 8150 
0,8431 
0.8408 
0 83S-J 
0 8’.57 
0 8331 
0 8305 
0.8270 


70.00 

77.00 

78 00 

79 00 
80.00 
81 00 
82 00 
83 00 
81 00 
85 00 

80 00 
87.00 
88 00 


82.IG 
83.00 
83.85 
84 07 

85.49 
80 32 
87.12 
87.91 
88.70 

89.49 
90.20 
91 02 
91 78 


05.22 
05 89 
00 50 
07 21 
07.80 
08.52 
09.10 
09.79 

70 41 

71 03 
71.05 

72 25 
72.80 


Spcc’ific 

Gravity 

at 

Ij.C" C. 


0.S254 

0..S22.S 

0.H200 

0.,SI72 

0..S1.1.5 

O.SILS 

O.SOSlt 

0..S()(il 

0.8021 

0.8001 

O.TIW'.I 

0.7039 

0.7938 


89.00 

90 00 

91 00 

92 00 
93.00 
9-1 00 
9,5 00 
90 00 

97 00 

98 00 
99,00 

99 97 
Ah.«. 

IIKI 00 


92 r>i 

93 29 

94 00 
94 71 
9,5.42 
90 13 
90 80 

97,49 
98.14 

98 78 

99.37 

99 9S 
Ale. 

100 00 


73.40 
74 0,5 

74 02 

75 18 
75 7,5 
70 31 
70 85 

77 39 
77.90 

78 41 
78 89 

79.37 

79.38 


Tests for the Detection of Acetone, Methyl Alcohol, and Ethyl 
Alcohol. 

For the detection of .acetone, metiiyl {ilcobol, and ethyl alcohol the 
follow in}; tests will found of value. They arc taken from Vol. I of 
Mulliken’s “1 lentlfication of Pure Org;inie Oom])oun(l.s,” 19t)3. 

Tests for the Detection of Acetone. 

Mulliken gives tint following jiropcrties and tests in his Vol. I, “Com¬ 
pounds of Older I,” “ Identifitaation of Pure Organic Compounds,” 1903: 

“ p. 141, Aceti nc. 

Genus VII, Ketones. 

Division B, Liquid Ketones. 

Boirm(.-pnint 9'. Specific flravity. Ketones (’olnrIc.s8 ami l.iquid. 

50.5 O.S19'| t Acetone, Mc.CO.Mc 

♦ MLcililo witli a<i. alcohol or ether. Odor 
alcoholieH-tliereal 
** Identify by test 711, p. 148.” 

*♦ “Test 711 (p. 148). Acetone. (Properties tulndatcd on p. 141.)' 

“1. Apply the color reactions with sodium nitioprussido, described in Test 701, 
p. 140, bearing in mind tliat sinee nearly all solulile ketouc-s and aldehydes give 
coloration.s of sonic kind when thtis treated, the result will bo .significant only when 

* fui.-~Vi'alCT, or aqueous. 

t Placed before the name of a compound indicates that the posiliou of the latter in the ana¬ 
lytical system ha.s been c.xperimentally dclerminod in the author a laboratory. 



164 


DENATUKED OR INDUSTRIAL ALCOHOL, 


the colors obtained correspond closely to the sp('citic(Wnics [if the color standard ’ 
(as published with MiiIlikon’K book). 

“This procedure is to be especially rccoiiinieiidcd for the prt'Iiiuinary examina¬ 
tion of aqueous solutions and distillates supposed to contain a! h'ast ^everal percent 
of acetone. In examining such a solution, simply substitute 2 c c. of it for the 
same volume of the solution of definite eoneentraiion preseribi'd in the i;eneral direc¬ 
tions. Very dilute solutions should first be somewhat conci'iitrulcd be ;i rectifica¬ 
tion with the assistance of a small distilling-towcr. If a soiutkui enioain'; only 
1% of acetone, the color of ‘portion a ' will at first be yellow-oraiigi' (i '1 itistt'ad 
of orange; while ‘portion h,' with acetic acid, will give a very ]>ale lint •>; o'd, K Id, 
instead of U RTl, whieh, after standing ior twent}’ minuf(‘s. will fade lo a tone of 
tlie same hue, but so pale as to be barely distinguishable. 

“2. Place in a dry G-incli test-tube two drojis of thc’ ketone and O.-l c c. of cold 
water. Add 0.1 c.c. of benzaldehyde, 2.0 e.c. of strong alcohol, and O.o c.c. of a 10 per 
cent aqueous sodium-hydroxide solution. Mix by shaking. Pod vfuy gently over 
a small fiamc for one minute, counting thc time Irom the monient when tlie mix- 
luie fir.st actually boils. If no jirccipltatc apjiears, cool ami shake Mgorously. 
Piiteroffthe crj’stals'' and wash with 2 c.c. of eold strong alcoliol. RcrrystaHize 
from 2 c.c. of boiling alcohol. Cool, and if neccssarj’ shake until cry.stals appear 
Killer. M’ash with 1 c.c. of cold alcohol. Press on filtor-jiaper or jiorous tile. Then 
transfer to a watcli-glass and drj^ Jiali an Jjour or longer at 100°. In taking the 
inelting-})()int raise the temperature at the rate of about one degree in twenty 
fic'conds. 

“The product formed in this test is dibemsylideneacetoue (C,,Hi,•CII:C11 ).•('(). 
It crj'stallizes in pale yellow lustrous platen which melt at 111*^ 112'^ {uneor.). 

“Ohi^erraiions on Ihc Apphcalion of Procedure 2 io A(}UCous Solulunis oj Acftom'. 
—If u solution contains less than Tf/'k of acetone, take 1 c.c. instead of two drops 
as aliove directed, and add no water. The quantities of the other reagents and thc 
method of jirocedurc may be allowiai to nnuain unchanged. The t('.^t has Ikhui used 
for solutions containing as little as 2% of acetone. But w'ith solutions between IA'/q 
and 2%, cooling and shaking after heating frequently givi's only an emulsion. The 
addition of 1 c.c. of strong cold alcohol and shakitig will, in such cases, ])K)(luce a 
erj’.stalliiie jirocipitate, wBicIi ean then be treated in tlic usual manner. 

“If the quantity of crystals olitaincd from an acetone solution after the first 
filtration is .small, wasli with 1 c.c. of alcoliol (instead of 2.0 c.c.), and rccrj^tallize 
from 1 C.c. of boiling alcohol (instead of 2 c.c.). If no crystals llien apjicar on cool¬ 
ing and shaking, add cold water (O.fi c.c.-l.O c.e. is usually enough) until t lie solution 
becomes turbid. Shaking will then produce crystals. Wash the.se with O.fie.c. of 
cold alcohol (instead of 1 c.c.). Cry.stals thus obtained from dilute* alcohol will lie 
fouml (o melt at 0.r>°-1.5‘^ lower than tlio.sc from strong alcoiiol. It is, on the 
whole, advi.sablo to concentrate very dilute acetone solutions by di.stillation rather 
than to test them by this method at very low conccTitrations. 

“l’'or the d(‘tcction of traces of ac(‘tono by this method, see Vorlttnder, Tlol)ohin 
B. 29, 1810.” 


■* If the precipitate, instead of coiiHistinR of crystals, is an oil or pasty mass, the procedure 
tiiven re<juircfl no modification. 8iu’h products usually become cry.stnlline, either during the 
washine with alcohol, or upon the cooling of the solution prepared from the washed oil. 
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Tests ior the Detection of Methyl Alcohol. 

“Genus VIII, Alcohols. 


Methyl Alcohol (p. 160). 


Boilin(t-point (C. Specific Gravity. 

06 0.798‘V,.-, 


Alcohols Colorlc.ss an<l Liquid, 
with Specific Gravity less 
than oao at ii0''/4°. 


t Methyl Alcoliol, Me.OIl 
Miscible with tiq. Odor uleoliolic 
♦ Identify by Test 819, ]). 171.” 

‘'*Te.sf 819 (p. 171). Me.lhi/l Akohil. (I’rojiertie.s tabulated on p. 160.) 

“1. (Color reaction). Dissolve one dro]) of llie alcohol in .'i c.c. of water in a 
6-inch test-tube. Wind a piece of rather light copper wire around a lead-pencil, 
so tliat tie closely eoiled spiral shall form a cylinder 2 cm, in length, while 20 eni. 
of the wire is k'lt. unbent to stuvt* as a hantllt'. Oxidiitc the sjiintl .superiieially by 
holding it in the upper part of the fltniie of a Itiinscn burner; and then, while still 
at a ted lieat, plungi' it, into the aleoholie solution. (Tiiis treatment o.vidizes a 
portion of the methyl aleoliol to lormie aldehyde.) Withdraw the spiral imme¬ 
diately and eool the test-tube with running water. Repeal tiie ovidation of the 
solution twice by the method given. Arid one or two drops of 0..> tier eenf 
aqueous solution of resorcin. I’oiir the mixture slowly into a .second inclined te.st- 
lulii’ containing c.c. of puiv concentrated .sulphuric acid. Tlie procedure and 
tin phenomena in tlic test from t his ))oint on are the .same as describeil in llic latter 
part of Test 114-1 for formic aldehyde. 

"Many mctliyl ethers and methyl c.sters Dial arc suflicicnily wilublc in wafer 
to be i.'sled liy this method, and tertiary butyl alcohol, show the same behavior as 
methyl alcohol Itememlier that the actual seiiaralion of briglit-rerl solid Hocks 
from (he iKpieous la.yer aliove the sulphuric acid after .sl.anding is essential to the 
pmol' tlial nicthyi a^Gohol is presont. 

“Many coiiipouncls besiclos llio.se mentioned Rive traces of forinie aldehyde 
when oxidized liy a hot cop|>er wire, but not, enougli to gn’C a .separation of the 
cliaraelerislii- flocks. 'Test 114-2 for formic aldeliyde will often sliow the iirescnce 
of tliese trace,'! and tlicrefore must not i>e sulistituted lor Test 114-1. I'.thyl, 
projiyl, isoiiropyl, butyl, i.sobutyl, liexyl, and allyl alcohols, ctliyl ether, and acetone 
give stron,.; yellow, ambi'r, oclicrous, or liirty-greenish colorations; and if irre.'^cnt 
in relatively large quantities in mixtures containing metliyl alcohol, will interfere 
with its detection by de.st.roying the purity of color required in the floi'ks 

“Weak aqueous solutions su.specfed to contain iiH'thyl alcoliol may be oxidized 
directly with the copper wire and then tested with resorcin in the usual manner, 
eolutions mueh weaker than the one rceommended in the prwedurc giving entirely 

eatTsfactory resnlLs. . • 

“/« examining organic mixiurcn for methyl alcohol the precautions mentioned in 

the followiiie paracraplis should ho observed: 

“(a) Ihsc for the test only that part of any mixture that can be completely 
distilled lictwccn 50“ and 100“, ami wliich, after distillation, gives a clear colorless 
solution when diluted with several volumes of water. ^ , 

“(b) Make a blank experiment before oxidation with the copper .spiral, by 
pouring 2 c.c. of a clear aqueous distillate of the proper boilmg-pomt. to which one 
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drop of 0.5 per cent ro.sorein .sohiHon lias been added, ii IS U) form a layer upon 
concentrated sulplturic acid in a test-tuiic. If a precipitate or strongly colored 
ring makes its apj)earance, tlie solution is not suitable for testing \\itliuut preliminary 
treatment. 

“ {<•} Do not test by this method any solution that is suspected to eontain jihcnols 
or organic bases. 

“+ 2. ('onvert four drops of the aleobol into its 3, 5'dinilroben7,oale by (he pro¬ 
cedure delaileti in the first paragraph of Test S}-{ ] for etiiyl alcohol. 

‘‘Itoij the reaction product uitli 12 c.c. of dilute etiivl aicoiiol (') 1)^ Cool, 
shako, allow to stand for a minute or (wo, and filter. Wa.sli u itli 2 c.c. strong cold 
alcohol. iiccr\’stalli/e Irom 12 c.c. of iHuImg diliitt'alcoliol {.’hJ). Cool, .shako, and 
allow to .stand for a minute or two, ami filter. Wash the cryslal.s with 2 e (. of cold 
strong alcohol. Dr}’ at a temperature not abo\c 100° and detiTtninc the melting- 
point. 

‘"The (Ty.sialline methyl dinifrobenzoate obtained in this te.‘<t melts at 107.5° 
(iinooi.). 

“(/) (ji. 11 1). Mclkijl Alcohol arid other Jjuccr Fall// .ilcohols and Kchoia;. —If 
the i.Ii.stillate (obtained as directed) is a <’}c:ir .soiution witliout lavers, and i.s odor- 
l(\s,s oj bus a iiiild alcoholic odor, rcmo\(‘ 2 c.c., oxidize witli a hot cojipor spiral, 
and exainuu' for methyl alcoliol by Speoific Te.si S19. If no colored ling wliale\er 
ajipi'ars in iliis t('st, tlie <iis{illate dof"^ not contain any volatile alcohol pro\idod lor 
in this nicthoil or acetone; and unk'.ss some non-volatile alcohol can be wpai'a(<*ii 
from the salts remaining in the distilling-flask. (be compound under examination 
mu.st. next bo sought amfing the specie's of (lenus \'l, Acid Anhydrides and iuictoiu-s.’' 

*'Die nvst.illinu iiiPthyl 'A, .ViiinitKilx'ii'zoale dp.si‘[;bp(] .suKKust.s n Innl woiftiv of ft (lial to 
.■•'et' if such compfiuml can a qiiarititative method for cstmiatiii|!: methyl alcohol, first 

pUJifvmg it bv a jirehmimirv freatment. 


Tests for the Detection of Ethyl Alcohol. 

Vlll, Alcohols. 

Ethyl Alcoliol ([>. 161). 

Alcohols, ColnrlpRS an<l Liquid, 

Boiling-point (C. *). SpRcitic (Iravity. with Spci-ilu- (IravMv less 

thunOUU ut 20-. J - 

78.4 0.7y4'''V,.5.5 t Kthy] Alcohol, Et.OH. Udor alcoholic 

Miscible with aq. 

**Identify with 'lest 814, p. 108. 

** “Test 814 (p. 108). Ethyl Alcohol. (Properties tabulated on p. 101.) 

“The ready formation of iodoform at 50 ®- 00 ® —but not in the cold—in Test 801 
is the most convenient preliminary test for ethyl alcohol. The following very 
satisfactory confirmatory te.st is, of course*, applicable only to a nearly pure alcohol 
containing not more than about 10 per cent of water. The same general procedure 

t Placed before the name of a compound indicafes that the position of the latter in the ana¬ 
lytical system has been experimentally determined in the author’s laboratory. The ‘‘specific 
deseriptiona ” for such compounds are also based, for the most part, on oxporimeuUUly verified 
data. 
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with slight modifications, Say lx; iisod in the identification of many of the homo- 
logties ()1 ethyl alcohol. 

“ 1. Ileal together gently m a li-ini'h test-tulx; held over a small (lame 0.15 grm. 
of .3, ,5-dinitrubenzoic acid (see foot-note) and 0.30 grm. of phosphorus pentachlo- 
ride. 

\ y ring new rcancnt. is listed by C. A F KaUlbaum ol lierliit at 8 marks per 100 anus., 
amt inav be (ibtaiiied in New ^'ork Irom F.imer 6k Amend. It may also be readily prepared in 
me lalioratory Iruni beiuoie arid. 

When signs ol eheniical action are seen, remove the heat lor a lew siwonds, 'i’hen 
hidit again, boiling tin' Iniuefied iniKturo wry ijenlbi lor one minute. I’oiir out on a 
verv smalt wateli-glass and allow to sohdiiy. As .soon as .solidilieal.ion oeeiirs 
remove tlie liquid phosphorus o.vyehloride with wliieh the erystalline mas.s is ini- 
pregnaled by luliliing fln‘ latter betweidi two .small jiieces ol porous tile. I’laee the 
])owdei Id a dry h- or (i-iiieh tesl-(ulie. Allow lour drops of the alcohol to fall upon 
It, and then slojiper the tube lightly without delay." When employing this [iro- 
eediire lor the piopyl and butyl alcohols ti.se sin tlrops ol the alcohol instetid of 
lour; lor tin- alcohol miisl always he pre.sent in moderap- eveess. "Immer.se llic 
lower Inirt ol t lie lesl-tulie ill watei having a 'eiiiperature ol Isliake geiilly 

and eontiiuK' th(> healing for ten niimiles. 

‘T(> purity the ester produced ni the reaction crush any hard lumps that, may 
form when the mi.vfuri- cools with a ,slirriiig-rod, and boil gently with 1.5 e.e. ol 
inetliyl alcohol (2 I) uiilil all is dissolved, or lor a minute or two.’’ In testing lor 
Othei .deobols Jian ethyl, all ilireelions tor the use ol the solvent in (his paragra))h 
iuu--t be moililieil as el.sewliere .speeiUed. ('/. tests lor methyl, propyl, butyl, and 
i.sobulyl alcohols. “Filler boiling hot il the solution is not clear. Cool. Khakc 
and filler. Wasli with 3 e.e. cold methyl alcohol (2;1). Rccry.stallizc Irom >1 c.c. 
ol boiling mctl-yl aliohol (2:1). W’ash with 2 c.c. of the same solvent. Spread 
out the product oil a iiieee ol tile. Allow to become air-dry, anil deleriiiiiie the 
melling-polut. 

“* Ethyl 3, .5-ilinitrol)enzoate, the product in this lest cryslallizos ill white 
needles meltirg at l)2°-'.):i'’ (iiiicor.).” 

The Denatured Alcohol Motor for Laboratory Purposes.— In con- 

nnetioti tvitii very stuall power etipiicitics for hiliortitory purpo.ses it Is 
of interest to know that tin iilcnliol motor for such work can be supplied. 
In Fig. C() bs shown such a motor. 

These motors arc operated by the expansive force of hot air. They 
are marie in a number of sizes (six in all) using respi'ctively from 
3 to 10 pints of denatured alcohol jicr hour, and arc used for very 
light work, like running a fan, stirrer, etc., in the laboratory. These 
motors can also be operated with gas. Tiiey oocupy a space of about 
9\X18 inches tind rim at 400 to 500 revolutions jier minute. The fly- 


• Tlie cryatalUne ethyl 3, 5 -dmitrobenzoate described suggests a hint worthy ol a tnal to 
see if such compound can furmsh a quantitative method for estimating ethyl alcohol, lirst puri¬ 
fying It by a preliminary treatment. 
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wheel is f. iiK'hos in diumetcr; bolt pulleys li, 2, and 3 hichos in <liumclcr 
VVhcre gas is not obtainable for these little motore, denatured alcohol 



Fig. Ofi.—Hot-air Motor ilrivi-n liy Dcnatun-il Alcohol. 

(Eurnit-hed l)y Eiraor & Amend, New Aork.) 

offers <iuilc a satisfactory fuel solution for them, and may be prtderred to 
i>as for such intermittent usi's of small power. 



CIIArTRR V. 


THE COST OF ALCOHOL AND OF ALCOHOL-DISTH-LING PLANTS. 

Cost of Alcohol from Different Raw Materials. By-products in the Distillation 
of Alcohol. Fusel-oil. The Composition of Fusel-oil. The Value of the Slop or 
Spool Wash. The Manufacture of (Ethyl) Alcohol from Sawdust. Ethyl Chlo¬ 
ride as u Kelrigorant. Plan of Distillery for Distilling Alcohol from Corn. Cost 
of Buildings for Alcohol-distilling Plants. Cost of Alcohol-distilling Plants. Cost 
of Commercial Wood Alcohol (Methyl Alcohol) 

Cost of Alcohol from Different Raw Materials. —Cost of Alcohol from 
Corn .—In calculating the cost of alcohol from corn in the Unitctl Stales 
■,hc table on p. 170,* giving the corn crop for 190.'), will be of interest. 

Taking the cost of corn in the Wc.st at 40 cents (ler bushel and the 
yield of alcohol from one bushel of corn at five gallons of proof spirits, 
we have 8 cents as the cost of one gallon of proof spirits. 

For commercial 9.') per cent alcohol, or 190° proof, this cost would be 
1.9X8 = 1.').2 cents per gallon for the material alone at the distillery. 
To this cost must be added the manufacturing cost, the cost of the pack¬ 
age or barrel, the freight charges, and the cost of the denaturing, which 
iuldcd (marges wotild probably bring such cost to .about 30 cents per 
gallon. With the further iiddition of the costs of distribution and the 
))rofits to be considered it would api>ear that completely denatured 
alcohol of 9.5 per cent strength, or 190° proof, would retail in the vicinity 
of about 40 cents i)er gallon. 

Cost of Alcohol from Mohsses.—As shown in Chapter II, the yield of 
alcohol from one gallon of the ba.se molasses, from the manufacture of 
cane-sugar, is about 0..S5 gallon of proof spirit in the most modern di.s- 
tillcries. At 7 cents per gallon for such molasses, one gallon of proof 
spirit costs $0.0823, and one gallon of 190° proof alcohol therefore costs 
$0.0.823X1.9 = 15.04 cents, which is about the same cost for material 
alone as in the ca.se of corn at 40 cents per bushel for material alone. 


• Furnished by 0. S. Dept, of Agriculture. 
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Table Showing the Corn Chop or lUOo in the United States. 





Corn. 



States uikI Territories. 

AcreaRe. 

Yield 

per 

A ere 

I’roduction, 

Pnee 

per 

Bushel 

Total Cariu 
N’ulue. 


Aole^ 

Bush. 

Ba^hcl.s 

Cents. 

Dollars. 

Maine. 

13,000 

34 3 

445,000 

09 

307,071 

New llampsliin*. 

27,041) 

37.0 

1,000,005 

00 

000,450 

\ennont. 

,W,2;iS 

34 7 

2,020,8,50 

08 

1,374,184 

Mu.s.sae]ms(‘t.ts. 

44,700 

37.5 

1,070,002 

70 

1,175,073 

Khode Island. 

10,011 

32.5 

325,358 

71 

231,004 

(.’oimeetieul. 

,I,1,1)0.') 

42.7 

2,373,000 

71 

1,085,473 

Now York . 

013,103 

31.5 

10,312,744 

01 

11,780,774 

N<‘\\ Jers(“y. 

277,740 

35.8 

0,043,414 

55 

5,40.8,878 

l*etin.''V)vaiuu. 

1.141,797 

38. 0 

50,085,903 

54 

30,280,388 

Deliiuare. 

100,472 

30.4 

5,072,740 

47 

2,807,102 

M:l!^ land. 

028,70.5 

.30 9 

23,202,530 

d8 

11,137,217 

\irgmia . 

1,8.50,010 

23.4 

43,514,874 

53 

23,002,883 

Nin III Carolina. 

2,704,772 

13 9 

37,.590,331 

01 

24,001,052 

Smiiii Carolina. 

1,878,078 

10.0 

20,489,800 

74 

15,155,830 

(ieot|.’:ia. 

4,295,921 

11 0 

47,255,104 

70 

33,078,015 

Morula. 

04.5,110 

10.1 

0,518,702 

00 

4,302,343 

Alabama. 

2.003,183 

11.8 

42,071,518 

01 

27 ,;501,701 

Mis.sissippi. 

2,000,830 

14.3 

30,027,500 

0.5 

10,517,020 

Louisiana. 

1,124,,502 

13 7 

10,510,409 

01 

11,005,0‘')4 

'i'exas. 

0 ,532,005 

21.3 

130,140,404 

40 

08,181,738 

Arkansas . 

2,215,24.5 

17 3 

38,323,738 

55 

21,078,050 

Tenne.s^(■(‘. 

3,138,533 

24.0 

77,207,012 

50 

38,003,0.50 

WCsl Virginia. 

70,5,541 

29 S 

22,813,122 

.53 

12,000,0,55 

Kenlueky. 

3,105,072 

20.7 

04,803,038 

43 

40,804;il>4 

Oliio. 

2,97:1,529 

37.8 

112,300,300 

41,775,030 

43 

48,331,740 

Michigan. 

1,228,704 

34 0 

40 

10,210,031 

Indiana. 

4,.507,804 

40.7 

187,130,023 

38 

71,100,037 

Illinois . 

0,010,880 

30.8 

382,752,003 

38 

14.5,445,784 

Wiseousin. 

1,473,013 

37 6 

55,407,840 

42 

23,271,297 

Minnesota. 

1,.507,014 

32.5 

48.907,455 

33 

10,100,100 

J o\\ :i.. 

8,707,507 

34.8 

.305,112,370 

34 

103,738,208 

Mis.soiiri. 

0,014,030 

33.8 

203,204,708 

37 

75,210,075 

Kansas. 

0,077,407 

27.7 

103,275,830 

33 

03,781,026 

Nebraska. 

8,035,115 

32 8 

203,551,772 

;i2 

84,330 ,,567 

South Dakota. 

1,023,105 

31.8 

51,014,739 

31 

10,000 ,.509 

Nortih Dakota. 

80,400 

27.5 

2,458,038 

30 

885,110 

Montana. 

3,041 

10 4 

70,455 

as 

51,089 

\\ voming. 

2,107 

20.9 

50,078 

75 

42,,508 

Colorado. 

110,059 

23 8 

2,770,484 

47 

1,304,047 

New Mexico. 

30,423 

25 3 

007,102 

CO 

088,207 

Arizona. 

7,014 

27 0 

20.5,.578 

07 

190,411 

Utah. 

11,353 

30.2 

410,979 

70 

287,685 

Idaho. 

5,500 

27 2 

140,703 

CO 

98,844 

Washington. 

10,700 

24.2 

201,203 

00 

150,758 

Oregon. 

17,5.50 

23.0 

403,788 

so 

238,235 

California. 

50,.502 

32 0 

1,810,041 

70 

1,370,317 

Oklahoma. 

1,902,948 

25.3 

48,144,.584 

32 

15,400,207 

Indian Tcrrilory. 

1,905,131 

32.7 

02,207,784 

37 

23,0.50 180 

Unitod States. 

94,011,300 

28. S 

2,707,993,.540 

41,2 

1116,090,738 
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Cost of Alcohol from Potatoes .—Before considering this cost we call 
attention to the view shown in Fig. 67 of a,scene representing har¬ 
vesting potatoes near Greeley, Ck)lorado. To return we may say that 
in Germany, where alcohol for industrial purjwses is very largely made 
from j)otatoes, the yield of absolute alcohol (or 200® U. S. proof) is one 
gallon from 1.26 bushels of potatoes. In calculating at what price jKita- 
toes can be used for the making of industrial alcohol in the United States, 
it wovdd appear that if tlie price is based on the cost, for materials alone, 
of alcohol from corn at 40 cents per bushel it would necesssitatc a price 



Fio. 67.—llarvcsttnu: Potatoes on the IPmch of F. II. Badger, near Greeley, 
(tolorado. (Siv Frontispiece.) 


of from 12 to 14 cents jter bushel for such potatoes. This is arrived at 
as follows: 1 bushel corn yields 5 gallons of proof spirits, 1.26 bushels 
of jintatoes yield 2 gallons proof spirits, and a yield of 5 gallons of proof 
spirits requires 3.15 bushels of potatoes. In the case of com at 40 cents 
per bushel, the price paid for such potatoes per bushel for making de- 

40 

natured alcohol could only be —or about 13 cents per bushel. As 

to the availability of such cheap potatoes (the usual price in car-load 
lots at Chicago is fully 25 cents per bushel) the following data are given; 
In determining the ])rice iif potatoes the cost to the farmer for 
raising them is important. In Fig. 67 is shown a view entitled “Har¬ 
vesting Potatoes on the Ranch of F. H. Bsulger, near Greeley, Colorado.’’ 
Concerning the cost per bushel for raising potatoes to the farmer 
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Mr. F. H. Badger writes the author as follows: “It costs the farmer 20 
to 30 cents per bushel to raise potatoes, jierhaps 25 cents per bushel will 
be about the average cost. The farmer will sell as first-class, marketable 
potatoes from 65 i)er cent to 90 j)cr cent, the best fields running as high 
as 95 i)cr cent. A very small amount is fed to cattle and pigs, as the 
well-shaped little jiotatoes are planted, and the culls are sold to the 
starch factoric,s for 12 cents a bushel. Greeley, Colorado, is the centre of 
a jxitato district that raises about 8,000,000 bushels per annum, and 
if we take .as an average 10 per cent of culls we will h.ave some .800,000 
bushels of cheap potatoes. The bulk of our potatoes art; sorted up in 
the dug-out and the culls taken fnnii the dug-out to the starch factory.” 

Messrs. Albert Miller & Co., Chic.ago, Illinois, one of the largest whole¬ 
sale dealers in potatoes in this country, inform the author that “in 
the M’est the fanners figure that it costs, in an .average season, about 10 
to 12 cents ]X‘r bushel to grow and losul |)otatocs. 

“We can contract them here at about 25 cents p(ir bushel in almost 
any sca.son. In fact we could contract almost any amount at this 
price, or might do it a little less if we took them field run. . . . There 
is no avcRige price that strach factories pay. It depends of course 
upon conditions. When potatoes are scrace and high they use the 
culls. When they are cheap they buy them field run. As a rule they 
cannot afford to pay over 20 cents per bushel. 

“Hie proportion of the potato crop that the farmer uses is a ques¬ 
tion (hat is impos.sible to answer. It would dciiend of course upon 
iiow much he raised. Some farmers will grow four or five acres and 
some one hundred acres.” 

Regarding the raising of potatoes in Maine the author is informed 
tbit the crop for 1905 in AroostiKik County was approximately 13,(KK),(K)0 
bushels. The amount sold to the starch factories and used on the 
farm constitutes about 15 per cent of the crop. 

The starch factories pay from 25 cents to 50 cents per barrel of 
105 lbs. net for potatoes run of field. A bushel of potatoes weiglis 
60 lbs., making this average price 13.6 cents per bushel run of field. 
The average cost to the farmer for raising potatoes is about 25 cents 
per bushel. It is thus seen tbit the cost of potatoes at present is too 
high for their economical use in the manufacture of denatured or indus¬ 
trial alcohol. 

It is of great interest to consider the conditions in Germany relative 
to this subject, and from the report of the U. S. Consul-General, Alex¬ 
ander M. Thackara, Berlin, Germany, Sept. 10, 1906, we learn that 
“in the campaign year 1904-5 the average price of potatoo.s was 42..58 
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mark (110.13) per 1000 kilograms (2204.6 pounds) or 27.6 cents per 
bushel. 

'• The crop for 1905 was 1,775,579,073 bushels of 60 pounds each, 
an average of 217 bushels to the acre. With the exception of 1901 
this crop exceeds all previous years. The value of this crop of 1905 
was $490,059,948. 

'■ In 1904 the potato crop of the United States was placed at 
332,830,300 bushels, of a farm value of .$1.50,673,392, or 45.2 cents per 
bushel. 

‘According to Dr. W. Behrens, one of Germany’s experts, in 1901, 
out of the 26,250,000 hectares (65,000,000 acres) of arable land, 
3,300,000 hectares (8,100,000 acres), or 12J per cent, were planted 
in ijototoes. 

‘‘The doctor now claims that Germany plants more potatoes in pro- 
jxirtioii U) its area and number of inliabitants than any other civilized 
country. 

•' About .50 i^er cent of the potato crop in Germany may be safely 
estimated is used for human food purposes. The most important ingre¬ 
dient in potatoes;—starch—Ls used for manufacturing alcohol and also 
pure stiircli and its products. 

' The following table shows the production of alcohol in Germany 
for the past five campaign yuirs and the materials from which the 
sjurit was distilled. 

‘ The ligure.s show very clearly the groat extent to which potatoes 
are used in the Geniian alcohol distilleries. 

‘‘The figures represent hectolitres (1 hcct('litre=26.417 gallons).” 


Tablk Sjowing PuoDueTioN of Alcohol in (Iermanv for the Past 1'ive Cam- 
I'AiGN Years and Materials from which the Sririt was Distili.ed. 


MaUMials* 

lOOO-lWl. 

1901-2. 

1902-3. 

1903-4. 

1904-5. 

Vol aloes. 

Grain.1 

Molasses. 

Others.' 

Total. 

Gallons. 

3,:i02,780 
613,719 
83,797 
51 ,.534 

3,519,171 

594,177 

88,728 

36,832 

2,649,952 

625,785 

88,124 

19,073 

3,045,605 

692,483 

92,838 

33,373 

2,877,344 

765,727 

107,950 

36,431 

4,051,860 

107,038,175 

4,238,908 

111,979,432 

3,382,934 

89,367,127 

3,8.54,299 

101,819,197 

3,787,452 

100,053,300 


" In all the statistics in this report the gallon, unless specially men¬ 
tioned otherwwe, refers to the United States gallon of 231 cubic, inches 
of pure alcohol.” 

As above .shown, potatoes are very largely used for the production 
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of alcohol in Germany. It would be of much importance to determine 
just exactly what Ls the cost of such production. Regarding this inter¬ 
esting phase of the subject, this report of Mr. Thackara s1<it.e.s thc.t “I 
have been unable to obtain satisfact.ory datii regarding the cost of 
production of alcohol from the different miiteriiils. It depends upon 
many different conditious: the size of the distillery, the efficiency of the 
appiinitus, and the methods used, upon whether or not the owners of 
I he plants have other industries conm'cted with them, upon the disposi- 
tion which is made of the by-products, etc.” 

Cost oj Alcohol jrom Sweet Potatoes .—*In the Azores tiie actual yield 
of absolute alcohol from 100 kilograms (220 iKiund.s) of sweet potatoes 
Ls 10 to 12 liters (an average of 11.02 quarts as a liter= 1.0.10 quarts). 
A bushel of swe<‘t jxitatoes wciglis M jxmnds and costs ap|)roxi- 
matcly 25 cents to 35 cents at th(' farm, run of field, i.c. small and 
large. On the above figures a bushel would yield about 1.5 gallons 
of U. S. jmxif spirits and would cost about 20 cents p(W gallon lor the 
material alone. As this is an increase of about one third in cost as 
compired with corn at 40 cents per bushel for materLds alone, it is 
seen that sw(‘ct potatoes are not an economical .source for industrial 
alcohol. A.S a result of the methods used by the distillery here quoted, 
there was finally obtained from 90 to 95 [x-r cent of pure alcohol, and 
5 to 10 per cent of the impure quality for industrial uses, although 
abmt 000 per cent of ])ure alcohol and 40 pew cent of the somewhat 
impure could be niiide if desired. The two distilleries formerly man¬ 
aged by .M. Durot have beem closed, as he writes, for three years. The 
closing down of this industry is a reed disaster for the agricultural inter¬ 
ests of this island according to M. Durot, a,s the culture of the sweet 
potato laid been a .source of revenue to the island for twenty years. 

The author has been told that the cultivation of sugar-bceis ha.s 
now been introduced as a source of sugar and will largely replace the 
cultivation of the sweet potatoes. 

Cost of Alcohol from Sugar-beets .—Taking the yield of 180® proof 
alcohol from sugar-lxiets in France from the example given in Chapter II 
we have a yield of 1 hectolitre (26.41 gallons) of 180® jiroof alcoliol 
from 4400 lbs. or 2.2 tons of sugar-lxjets. At $5.00 per ton in the United 
States this is $11.00 cost, for materials alone, for this yield from sugar- 
beets, or a cost of about 42 cents per gallon for the 180® proof alcohol. 

As the average yield of sugar per short ton of beets in the United 


* Statement furnished the author by M. S. Durot,manager of a sweet-potato 
distillery at Isle de Terceira, Azores. 
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States is about 250 pounds, the yield of sugar is therefore about 12i per 
cent, or about one fifth more than in ease of the above French figures. 
Tliis however would only lower the above cost of the alcohol to about 
35 cents per gallon, based on the costs of the beets alone. Sugar-beets 
arc therefore not an economical source of alcohol in the United States 
and cannot hoi>e to compete with corn and with cane-molasses. About 
50 j)ounds of beet-itiolasses are usually obtained in sugar-houses i)er 
ton of sugar. The greater part of .such molasses is used as a cattle 
food, being mixed and dried with beet pulp, millers’ refuse, chopi)cd 
hay or straw, and other ub.sorbent materials and marketed under the 
trade names of “sucrene,” “hlomo,” etc. The feeding value of beet 
pulp, from making sugar, as (a)mparcd with grain, has Ixjen placed at 
St.00 per ton. In the manufacture of beet-sugar the abolition of the 
moliisses is a very important ))oint and continual (ixperimeuts are nuule 
in this direction. Hence for the above reasons and becau.se the beet- 
sugar itidustry is now successfully cstablislied in this country', the sugar- 
beet will not be utilized for tlie manufacture of alcohol in the United 
Slates. 

By-products in the Distillation of Alcohol.—Fuscf-eiV.—In the 
fermented mash or wash li(iuor there are formed, as a result of the 
fermentation, a numbi'r of snl)stanc(!s, all of whicli possess different 
boiling-points. In axldition to the alcohol and water present, such a 
li(iuor contains fusel-oil. This is not a definite substance, but is a 
comiilex mixture, and vtiries somewhat in composition, according to 
the nature of the raw material from which the alcohol is fermented 
and the manner of fermentation used. To give an appn)ximate idea 
of its composition, we may mention th.at it usually contains a large 
percentage of amyl alcohol and isoamyl alcohol, together with small 
amounts of compound ethers, higher alcohols, and small percentages 
of free fatty' acids and esters. 

* Karl VVindisch gives the composition of 1 kilogram of fusel-oil, 
freed from water and ethyl alcohol, from potatoes as 

Normal propyl alcohol 

Isobutyl alcohol. 

Amyl alcohols. 

h'ree fatty acids. 

Fatty acid ester. 

Furfurol and bases... 


68.54 gm. 
243.50 “ 
687.60 “ 
0.11 “ 
0.20 " 
0.05 “ 


♦ Arlwiteu aus dem Katscrlichcn Gesundheitsanit, 1892, Bd. 8. 
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In 100 parts of free acids and acid esters from potato fusel-oil are 
contained— 


Capric acid. 36 parts 

I'elargonic acid. 12 “ 

Caprylic acid. 32 “ 

Caproic acid. 14 “ 

Butyric acid. 0.5 “ 

Acetic acid. 3.5 “ 

1 kilogram of fusel-oil from corn contains— 

Normal propyl alcohol. 36.90 gm. 

Isohutyl alcohol. 1.57.60 “ 

Amyl alcohols. 758.50 “ 

Hexyl alcohol. 1.33 “ 

Free fatty acids. 1.60 “ 

Fatty .acid esters. 3.05 “ 

Terpenos. 0.33 “ 

Terpenc hydrate. 0.48 “ 

Furfurol, bases, and hcptyl alcohol. 0.21 “ 


In 100 parts by weight of the free acids and acid esters from corn 


fusel-oil are contiiincd— 

Frw* 

Fat 14’ 


Fatty Acids. 

And lOsters. 

Capric acid. 

. 44.1 

40 7 

I’elargonic acid. 

. 12.9 

14.2 

Caprylic acid. 

. 26.7 

34.8 

Cajiroic acid. 

. 13.2 

9 6 

Butyric acid. 

. 0.4 

0.4 

Acetic acid. 

. 2.7 

0.3 


The terpene (uoHib, as well as the terpene hydrate CioIIisO, pos¬ 
sesses even in extremely diluted condition the characteristic corn-brandy 
odor and («ntribiites very essentially to the aroma of corn brandy. 
An identilication of this particular terpene with any of the other known 
terpenes Inus not yet been effected, but this terpene appears to resemble 
phillandrene. The fusel-oil from i)otatoos, acconling to Kruis and 
Rayit)ann, contains in one kilogram— 


lithyl alcohol. 4.8.88% 

Normal propyl alcohol. 0.85% 

Isobutyl alcohol. 4.19% 

.4myl alcohol. 942.42% 

Hexyl alcohol. •.. 0.19% 

Caprylic acid—ethyl ester. 0.26% 

“ “—.amyl ester. 1.00% 

Caprinic acid— “ “ . 0.66% 

Residue not determined. 1.45% 
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It may further be said that the researches of Pa.steur, Le Bel, and 
Ley have proved that the amyl aleolinl of fusel-!.)il really consists of a 
mixture of two primary amyl alcohols of nearly identical boilinft-poinls 
and specific gravities. One of these (isobutyl carbinoi) is optically 
inactive, but the other secondary butyl carbinoi has the; property of 
rotatinft the plane of a polarized ray of light to flic left. For further 
study of fusel-oil the reader is referred to the authorities numtionerl, 
as well as to Sond’s Rectification de L’Alcohol and to IF Ilouriers’ 
Manual de la Distillation. Atso to Bull. No. C.'i, F. S. Department of 
Agriwdture, A. 0. A. C., to Leach’s Food Inspection and .\n.alysis, 
and Maercker-Delbruck’s llandbuch dcr Spiritusfabrikation, lOtlfi, for 
iiK'thods and tests for the determination of fusel-r)il. 

Rabuteau’s fre(iuently cited statemient that fusel-oil (aintains iso- 
]'roiiyl al(a)hol has l)een refuted by later investigators. 

Thr Vahw oj thr Slop or Spent Wosh .—Any by-products of value 
which can lx.' obtain'd in the distillation of alcohol will, of course, lower 
the initial co,st of the alcohol, and hence could tend to lower the selling 
price <if (h'liatured alcohol. 

The usual |)roduction of the valuable by-product, fusel-oll, htis already 
been mentioned, and at the present time there are also the values of the 
residties from the distillation of corn and molasses to consider, as the.se 
will be the jirincipal raw materials for the manufacture of alcohol at least 
for some time to come. 

In Furope potash residues from the molas.ses used for distilling pur¬ 
poses are useil extensively as manure. There is not enough iiot.ash in 
the residue from sugar-cane molasses to maki' it very valuable for this 
]mrpos('. Inquiry nweals the fact that the n'sidue from distilling cane- 
sugar iuol.a.ss(‘s in the United States has very little value. It is dillicult 
to arrive' at. an estimate of the value of the residue from the distillation 
in the case of corn for the purposes of a c.attle food. All the refuse of 
the glucose f.actories and distilleries is used for feeding stuff, either directly 
or aft(‘r drying, but figures arc not readily available as to its worth for 
such pury)o.ses. 

* An average, of several analyses from dLstillens’ grains shows; 


Ash. 

Crude fibre-. 

‘‘ protein. 

“ fat. 

Pentosan-s.. • • • 

Cellulose, starch, and undetermined 


2.13 per cent, 

15.50 “ “ 

34.2!) “ “ 

10.51 “ “ 

23.91 “ “ 

13.60 “ “ 


* From Bureau of Chemistry, U. S. Department of Agriculture. 
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When properly dried and cured (his i.s a very valuable eoncentratcd 
food, eontainitiK a larfro .aninunt of protein and fa(., the two most expen- 
siv(' eoniponent''' of a nilion fi’om the feeder's standpoint. 

Jn (he U'a(er Supply and Irrigation Paper, No. 179, Series L, tjualily 
of Water, 1 1, of the Dc'partment of the Interior, United States (leologieal 
Survey, Cliarles T. Waleott, Director, are given, under the (ille " Preven¬ 
tion of Stream i’ollution by Distillery Refuse,” some very interesting 
and important facts as to the value of distillers’ grains for a feeding- 
.stufl. ba.sed on (he investigations of Ilerm.an Stabler at Lynchburg, Ohio, 
an outline of which is here given. A plant for the evaporation of slop 
was installed at (he Lynchburg dislillerv late in the autu;nn of linr). 

.After twice scre('ning the sio|) by brass scnsms, it was pumped to be 
filtered in two lll-plati' |)re,s.ses. Uach pre.ss is op length and 3 

fi'ct in diameter and has a net filtering area of 230 s(|uare feet,. The 
thin slo]i from both screens is n'ceived in large wooden tanks from whiidr 
it is pumiied to (he eva|)orator. 

Till' I'X'aporating apjiaratus is of chief import,ance and will therefore 
be described in some detail. The machine used is the llnlfman-.Alders 
tri|ile-elfect vacuum evajKirator, a view of which is shown in Pig. 08. 
Uach effect consists I'ssentially of two chambers connected by four large 
])il)i'.s, and also by a ^reat number of tube.s, placed within the su-am- 
cliamber. 

,A section.al view of the arrangement, of tlie.so tubes in the sleam- 
chambers is shown, in the miiidle effect,, in Fig. O.S. This apjiaratus is 
cajjable of treating more than 4(),(KI0 gallons of the thin sloj) in twenty 
hours (guaranteed eajiacity 2700 gallons jii'r hour) and reducing it 88 
to !K) jier cent in volume. It is now ojierated with 40 jxmnds of steam 
jiressure in the first effect, a 3- or 4-inch vacuum in the second ('ffect, and 
a 20-incli x'acuum in the third I'ffect. This ajijiaratus costs, in jjlace, 
SIti.OOO. 

The magma from the evaporator is added to the feed from the filter- 
pres,so.s, and the two are thoroughly mixed by jrassing through a screwf- 
conveyer 1 foot in diameter and 40 feet in length. It is then dried by 
passing through a direct-heat, rotary drier 40 feet in length and (i feet in 
diameter and a steam rotary drier 20 feet in length and 6 feet in diameter. 

The jiroduct of these machines is jjlaccd in sacks for shijiment. The 
inst!dlation at Lynchburg proves that the cost figures can te reduced in 
the main by about 2.5 jx-r cent, .so that even under jiionccr and imjx'rfect 
conditioirs a substantial profit upon the investment is being made. The 
new feed is sweeter and ha,s a more attractive odor. It has a higher 
specitic gravity. Although chemical analy.sLs shows that the protein and 
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fat content for corn and ttic fat content for rye arc slightly decreased, 
this decrease is more than made up by the increased digestibility of the 
other constituents. 

The ])aper (luoted also contains the results of a series of chemical 
analyses made of these cattle-feed grains and of concentrated corn anil 
rye slop by A. Ijasche, Milwaukee, Wis. 

In the summary of these results the pajxir stati's that about 4.5 gal¬ 
lons of weste slop liquor are discharged for each bushel of grain mashed, 
and lliat this liiiuor contains approximataly 5 per cent (by weight) of 
solid matter, nearly half of which is held in solution. Also that stream 
pollution may b(' wholly avoided by means of eva|M)ration recovery of 
cattle-feed grains from the slops. As applied to a distillery using ilaily 
17.50 bushels of corn for a .season of 1.50 days and 1302 bushels of rye 
for a sea.son of ,50 days the following data regarding the proce.ss ma.y 
be acci'])ted as approximate: 

(ri) Cost of complete recovery plant. $.52,000 

(()) Annual prolit over operating ex[x'nses on investment in 

comjilcte ])lant for evaporation recovery, per cent. . . 73 

(r) Cost of additional idant to add ('vaporatioii to recovery by 

scieening. $40,01)0 

(d) Annual profit over oiierating ('xpenses afforded by increased 
in'oduct, based on investment in additional jilant to add 
eva|K)ralion to recover}' by screening, jier cent. 34 

Ordinarily from It) to 40 jicr cent of the slop cannot bn prolitably 
used and is rnn to wicste. The trial at Lynchburg, Ohio, substantiates 
all the chiims made, for it and indicates that it will prove to be a rather 
greater .source of jirofit than had been expected. 

In connection with the drying of distillery slop or sirent grains the 
Biles rotary steam drier and press may Ije, mentioned. A view of these 
machines is showm in Fig. 69, p. 181, as installed in a one-story house. 
This jirt'ss, with gradual low jiressuro, is claimed to deliviu the fei'd 
at from .5.5 to 60 ])er cent moisture, the drying being done by either 
the Biles steam or direct-heat drii'r. 

While there has been a eousiderable use of such slop in the jiast 
for cattle-feeding jiurposes, it would ajipcar that this improved method, 
which has been described by Herman Stabler, offers greatly increased 
advantages and possibilities along these lines. 

A short description of the composition of fusel-oil is here given. 
It is hoped to treat this imjiortant subject in a more extended manner 
in a later edition. 
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* The Manufacture of Ethyl Alcohol from Sawdust.—^The con¬ 
version of the cellulose of sawdust or similar material into glucose 
and the alcoholic fermentation of this sugar have been frequently at¬ 
tempted on a large scale but accomplished only recently through the 
operation of methods devised largely by Claassen. 

In ordinary soft woods we have a mixture of true cellulose and 
oxycclluloses, the latter of which may be rather easily hydrolyzed and 
converted into sugar. By the Claassen process this is accomplished by 
heating sawdust with sulphurous acid under pressure in large lead-lined 



Fig. 69. —Tlie Biles Rotary Steam Drier and Press. 

drums. At the end of tlie operation on opening a valve the main por¬ 
tion of the sulphurous acid escapes and may be absorbed in water to 
be used in a second operation. Tliis is perhaps the most important 
feature of the process, since in all the older j>rocesses the removal of 
the hydrochloric or sulphuric acid employed as a converting agent 
was found to l>c very difficult in practice and too expensive to admit 
of actual working. The Claassen process was first worked in America 
by the Lignin Inversion Company in an experimental plant at Chicago. 
In this plant it was found that a ton of dry ]iine sawdust would yield 
about 20 per cent of sugar, or about 400 pounds, three fourths of which 
was residily fcrmcntible with yeast. Twenty-five gallons of 188® 

* The author is indebted for this article to Prof. J. il. Long of the Northwestern 
University, Chicago, IlL 
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alcohol (94 per cent by volume) was found to be a good working 
yield. 

Following the demonstrations in thi.s ex])crimcntal plant the Claassen 
Lignin Conip.any was organiz(xl to work the process on the commercial 
scale. A ])lant was built at Hattic'sburg, Missi.ssippi, in an imi)ortiint 
lumber region, and after much delay on account of defective machinery 
was brought finally to the condition of working efficiency. 

A eonsider.able quantity of high-grade ethyl alcohol has been jwo- 
duced and init on the market. The operating company seems to be 
coiiA’inced tliat the proce.ss can be worked at a profit. From latest 
K'port.s it appears that tlie plant is being enlarged and that a new one 
Ls to be built on the Pacific Co.ast. 

Tile aleoliol secured in this process is of high grad(^ and practically 
free from byqiroducts occurring wlien certain other materials are worked 
up. 'riie sawdust wdiich is not converted into sugar is leff, in a con- 
dilion for easy compression into briquettes, for direct use or conversion 
into cliarcoal. 

The practical difficulties in the working of this Claassen iwocess are 
largely physical, as the chemical conversion and hirmentation seems 
to be .simple enough. The most trouble has been encounU'red in th*'. 
extraction of the treated sawdust so as to secure the sugar for fermen¬ 
tation. fieveral types of extraction batteries w'erc tried befon; succe.ss 
was n'aclied; experience in the beet-sugar extraction seemed to be 
of little value here, but at last accounts the difficulties hml been over¬ 
come, and nothing seems to stand in the way of ultimate success in 
Ihb new industry. 

Tlie available suiqdy of raw material is enormous, and saving this 
may have some efitx't on the lumber industrit's. 

Ethyl Chloride as a Refrigerant—One of the many uses of alcohol 
that have been proposed is the manufacture of ethyl chloride to be 
used its a refrigerant. 

On this subject Prof. John H. Long of the Northwestern University, 
Chicago, Ill., writes the author under date of August 0, 1906, as follows: 
“Some years ago I was very much interested in a plant used to cool a 
wareliouse in Chicago in which ethyl chloride was the expanding agent. 
Tlie warehouse was in the wholesale market district and was used for 
eggs, butter, poultry, etc. 

“ Tbc refrigerator was successful, but the first cost of material was 
then high, as a relatively large amount had to be used: the chief advan¬ 
tage in the process was in the ease of recovery by compression. My 
connection with the matter was merely as consulting chemist. 
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“It was hoped by the people interested in this project to perfect a 
plant to be used in meat and fruit cars, the idea being to use a storage- 
cylinder and compression-pump in each individual car. The motion of 
the car-axle workf'd the pump. This worked all right as long as the car 
was moviilg, but if side-tracked some hours the temperature ran up. I 
have always thought the ethyl-chloride process worthy of more experi¬ 
mentation.” 

Plan of 200 -bushel Daily Capacity Distillery.—It was intended to 
hav(' ])ublished the plans for a 5000-bush('l distillery, that is, a plant 
having a daily capacity of .50t)0 bushels of corn, for the manufacture of 
alcohol. It has b('('n found necessary to ])ost)X)ne Hie preparation of 
these plans until a later edition of this book. Such a model jilaut is 
shown in I'ig. 73, ]). IS7, and a careful insjiection of the view shown in 
this cut will give a very good idea of the si/ie, construction, and arrange¬ 
ment of an alcohol plant of the most moileru type. In default, of the 
plans mentioned alxixe we present the ])lan of a 20l)-bushel daily capacity 
distillery, whiih will also serve to give cpiite a good idea, as the principle 
is the .same, of the plan an<l arrangements in such a iilant, the e<iuipment, 
etc., for the ])roduction of high-piroof alcohol. These plans were fur- 
nhhed bv the Iloffnian-.Mders (’o., Cincinnati, Ohio. 

On the thn-e following pages are shown the plans, a.s mentioned above, 
for a .sm..ll distillery of a daily capacity of 2111) bushels, or, approxiniately, 
.TJO gallons of coniinercia-l Do per cent alcohol. The scale to which lla'.se 
plans are drawn is 3.-'32 inch- 1 foot. From these ]ilans we see the loc.a- 
riou of l)oiler, (iigine. and gearing, with grain elevator and mills, yea.st- 
and mash-tubs, fei"nent('rs, beer-still, doubler, and conden.sers, by which 
those contemplating the erection of a distillery may obt.aiu an idea of 
its iwaetic.al construction. Regarding the details of the equipment of 
such a dbuliery it may be .stated that it consists of a cold-water tank, 
gi'aindiojqHT, ineal-hopjM'r,Revis condenser, beer-still, beer-heater, mash- 
tub, mash-tub stack, yeast-tubs, roller-mill, inpc-cooler, fermenter, beer- 
sink, boilek, engine, bwr-pump. In the case of a molas,ses distillery, as 
n<i grinding-mills or mashing machinery are required, the eo,st will be less 
th.an for a distillery of this character. The api)roxiraatc cost of this 
plant here shown is $20,000. 

The continuous distillation for 190“ proof is not recommended by 
these builders, as by so doing the fusel-oil is lost. This is a valuable 
product and can only be produced by fractional distillation, it being 
drawn from the reetifying-eolumn. The fusel-oil is worth about $1.2.') 
per gallon in barrel lots, and about two gallons are obtained to each 100 
>ushels of grain, which would mean an income of about $5 a day for a 






















Fig. 71.—Floor-plan of 200-bushpl Distillery. (Scale. 3/32 inch = l foot.) 
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20(1-1 mshcl linusr. Tlu; ajiparutus as shown is coni])k‘t,o for double dis¬ 
tillation to jmiduee alcohol of 100i;cr cent jiroof. The cost of such a 
distillery of 200 bushels’ capacity, complete, without the land is about 
320,000. inclttding the requi,site redistilling a])paratus. 



Fig. 72.—End Elevation of 200-bushcl Distillery. (Seale 3/32 inch=l foot.) 


Cost of Buildings for Alcohol-distilling Plants.*—The most modem 
requirements call for as nearly fire-proof construction in these buildings 
as can lie attained. The still-room or house is usually about five stone's 
in height for the size or capacity of the plants we have described, i.c., 
of aliout ,5000 bushels daily capacity, or 12,000 gallons daily capacity of 
molasses. For the above reasons this still-house should be built of con- 

m furnished through the kindness of Mr. Charles 

T. Mam, Mill J'^ngineer, Boston, Mass. 
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Crete and steel. The tanks for the storage of alcohol should be in part 
of this house. 

The other buildings can be built of brick and hard pine. Tins is 
what is known as mill construction for tc'.vtile manufacturing. This type 
is also known as the “slow-burning ” type of buildings. Of course all 
the buildings of the jjlaut can b(> built of concrete and .steel, which is the 
best and most fire-proof construction yet devised. If this is done the cost 
for buildings will be about Id per cent more than where brick and hard 
pine are used. Frame construction is unde.sirable in every way. The 
sa\ing by the use of frame construction for walls instead of brick is not 
as great as many persons think. The only saving is in somewhat lighter 
foundations and in the outside surface's of the building. The floor, 
columns, anil roof must be the same' strength and construction in any 
case. It will be of .some assistance in ai)])rn.\imating the cost of 
brick and hard-jiine construction for buildings for alcohol manufacturing 
])lants if a unit of cost in ti'rms of square feet of floor-space can be ascer¬ 
tained. Tills is because there is a much widi'r range of cost than is 
commonly suiiposed, it being not an uncommon thing to hear the cost 
of such buildings (mill buildings) jilaced from only 60 to SO cents per 
sipiare foot of fiooi -space. The cost jx'r square' foot of floor-space depends 
upon the width, length, height of stories, and number of stories, 

\s ihe construction ased in mill buildings for textile manufacturing 
purposes has become a standard typi' for many other kinds of manufac¬ 
turing purposes lus well as for the coastruction used in the most modern 
idcohol manulacturing plants the estimates and diagrams here presented 
ap])ly etiually as well to the cost of buildings for the latter purpose in 
terms of square feet of floor-.space. The cost of labor in these estimates 
will be about one third of the total cost. These figures cover the cost of 
buildings designed to carry a floor load of about 100 pounds to the square 
foot. If greater floor loads than this are to be carried the cost of the 
buildings u'ill he increased. 

In the basis of estimates here given the present costs of the different 
materi.als, as well as the present average cost of lalwr, should be sub¬ 
stituted for the values here given, as these costs vary of neces.sity from 
time to time. With these exceptions the principle here laid down applies 
fully to present-day costs of such buildings. The costs given include 
plumbing, but no heating or sprinklers. 

Use of Diagrams. —1. The diagrams can be used to determine the 
probable approximate cost of proposed brick buildings to be used for 
manufacturing purposes, and these can be taken from the diagrams 
readily. For example, if it is desired to know the probable cost of a 
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mill 400 feet long by 100 feet wide by 3 stories liigh, refer to the sheetf 
showing the cost of three-story buildings. On the curve for buildings 
100 feci wide, find tlu; point where the vcrticul line of 100 feet in length 
cuts the curve, then move horizontally along this line to the left-hand 
vertical line, on which will Iw found the cost of 06 cents. I’or pn'sent 
prices of materials and labor add about 5 per cent, making the total 
about 70 cents per .square foot. 

'J’he cost given is for brick manufacturing buildings under average 
conditions, and can bo modified if necessary for the following conditions: 

(/. If the .soil is poor or the conditions of the site are such .as to require 
more than the ordimary .amount of foundiitions the cost will be increased. 

h. If th(' end or a side of the building is formed by another building 
the cost of one or th(! other will te reduced. 

c. If the building Ls to be used for ordimary storage purjroses with 
low'stories and no top floors, the cost will be decnaased about 10 per cent 
for large low buildings to 2,') jxt cent for small high ones, about 21) per 
cent usually being fair. 

(/. If the buildings are to be used for manufacturing purimses .and 
are to be substantially built of wood, the cost will be decreased about. 6 
jH'r cent for large one-story buildings to 33 jx'r cent for high small build¬ 
ings, and 1.5 per cent would usually be fair. 

c. If the buildings are to be used for storage with low stories and 
built substantially of wood, the cost will be decreased from 13 |)er cent 
for largo one-story buildings to 50 per cent for .small high buildings, and 
31) per cent would usually be, fair. 

/. for office buildings the cost must be increased according to the 
finish. 

The cost of very light wooden structures is much less than the above 
ligure.s would give. 

The table which fidlow’s the curves shows the approximate ratio 
of the costs of different kinds of buildings to the cost of those shown 
by the curves. 

2. The diagrams can be used .as a basis of valuation of different 
buildings. 

A building, no m.atter how built or how expensive it was to build, 
cannot be of any more value for the jjurpose to which it is put than a 
moderu building properly designed for that particukar purpose. The 
cost of such a modern building is then the limit of value of existing 
buildings. 

E.xisting buildings are usually of less value than new modern build¬ 
ings for the. reason that there has been some depreciation due to ago, 
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and that tho buildings are not as well suited to the business as a modern 
building would be. 

Starting with the diagrams as a base, tlw; value c-an be approxi¬ 
mately determined by making the proper deductions. 

3. The diagrams <!an be used as a basis for insurance valuations 
after deducting about 5 per cent for large buildings to 15 per cent for 
•small ones for the cost of foundations, as it is not customary to include 
the foundations in the insurable value. 

Honin III Edimaks .—The following table shows tin; costs -which form 
tlie basis of the estimates, and these unit prices can be used to com- 
pute tla^ cost of any building not covered by the diagrams. 

The cost, of brick walls is basc'd on 22 bricks per cubic foot, costing 
Slh.llO ])ev thousand laid. Openings arc estimated at 33 cents ]ier 
square foot, including windows, doors, and sills. 

Ordinary mill lloors, iiuduiling timbers, ]ilanking, and top floor, 
with Southern pine timber at $.30.00 ])cr thousand feet, board measure, 
and spruce planking at .$20.00 per thousand, cost about 25 cents per 
square foot, which has been used as a unit ]>rice. 

Ordinary mill roofs covered with tar and gravel, with lumber at 
the abo\’e prices, cost about 20 coiit.s i)er square foot, and this has been 
used, in the estimates. 

Add to above for stairways, elevator-wells, plumbing, ])artitions 
and special work. 

The present jrrice.s for materials and labor would increase the cost 
as sliowu on the diagrams about 5 per cent. 

Ikdudktis jnmi Diaiiraiim.— X. An examination of the diagrams 
sho'vs immediately the decrease in cost as the width is increased. This 
IS due to the tact that the cost of the walls and outside foundations, 
which is an important item of cost, relative to the total cost, is de¬ 
creased as the width increases. 

Tor example, supposing a three-story building is desired with 30,000 
square fi'et on each floor. 

If the buikling were 000 feet by 50 feet it.s cost w'ould be about 80 
cents a square foot. 

It the building were 400 feet by 75 feet its cost w'ould be about 71 
cents a square foot. 

If the building were .300 feet by 100 feet its cost would be about 68 
■cents a square fool. 

If the building were 240 feet by 125 feet its cost w’ould be about 
i66 cents a square foot. 

2. The diagrams show that tho minimum cost per square foot is 
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Table Showino Ratio op Cost of Hoildings Designated, Compaued with 
Biuck Mills of Standard Consthdction. 


Feet of Flooi 
in One Stoi y 



Frame 

VllLLH. 



One 

Stoiy. 

Two 

Stones. 

Tlircc 

Slone.8. 

Four 

Stones. 

Five 

Storjeh 

Si\ 

Slones. 

0.671 

O.l.'.iO 

0 703 

0 721 

0 713 

0 7.58 

0 770 
(1 778 

0 786 
0.792 
0.797 

1,2.’)() 

■I.IIOO 

10.0(1(1 
1.5.000 
110,000 
25,000 
:io,(i(Ki 
35.000 
.10.000 
45,000 ; 

,50,000 

0 K.50 
O.K(.i2 

0 SSS 

0 SOS 

0 004 

0 013 

0 010 

0 023 
0.027 

0 030 

0 033 

0 030 

0 030 

0.075 

0.727 

0.779 

0.791 

0.801 

0.810 

0.833 

0.817 

0.8.58 

0.805 

0 870 

0 873 
0.875 

0 751 

0 765 

0 775 

0 792 
0.810 
0.824 
0.835 
0..S44 

0 848 
0.8,52 

0 85.5 

0.726 

0 738 
0.749 
0.769 

0 787 

0 802 

0 814 

0 821 
0.828 1 
0.832 ' 

0 836 

0.703 

0.716 

0.727 

0 747 

0 765 

0 781 
0.795 

0 .801 
0.810 i 

0 815 1 

0 818 

1 



liun'K Stori.iioi'ri-h 



Foct f)f Moui 

— 









Three 

lour 

hive 



Stdiy. 

Stones. 

Stui ICS 

Stones 

Sione.s 

Sloi les 

1,2.50 

0 708 

0 728 





2 500 

0 845 

0 725 





5 000 

0 833 

0 800 

0 777 

0 764 

0 7.55 

0 748 

7 500 

0 852 

0 807 

0 783 

0.772 

0 763 

0 755 

lOilHM) 

0 800 

0 813 

0 790 

0 778 

0 770 

0 762 

15 000 

0 S87 

0.825 

0 805 

0 792 

0 783 

0 775 

20 0(K) 

0 890 

0 830 

0 817 

0 804 

0.795 

0 786 

25 000 

0 905 

0 847 

0 828 

0 815 

0.805 

0 796 

30 000 

0.910 

0 856 

0 836 

0 823 

0 814 

0 ,805 

35 000 

0 915 

0 804 

0 842 

0 830 

0 821 

0 812 

•lOO(K) 

0 919 

0 869 

0 848 

0 835 

0 826 

0 817 

45 0(K) 

0 922 

0.872 

0.852 

0 839 

0 831 

0 822 

.501X10 

0 924 

0.875 

0.856 

0 843 

0 834 

0 826 




Frame Storkhoubeb. 



Cl ^ 11 li1 III! 







Fei*t of Floor 







in One St(*ry 



Three 

Four 

Five 

Six 


Story. 

Stones. 

Stones. 

Stones. 

Stories. 

Stones. 

1,2.50 

0 096 

0 .505 





2,500 

0 747 

0 .578 





5’000 

0.744 

0.002 

0 561 

0.531 

0,508 

0.483 

7,500 

0.765 

0.625 

0 581 

0.551 

0,.530 

0.506 

lo’ooo 

0.784 

0 645 

0 602 

0 .574 

0 5.52 

0 527. 

15,000 

0.810 

0.678 

0 6,38 

0 610 

0 .588 

0.56T 

20.000 

0.824 

0 703 

0 667 

0 637 

0 614 

0 ,590 

25,000 

0.834 

0.720 

0 08,5 

0 655 

0 632 

0 608 

30’00() 

0 841 

0.7.33 

0 097 

0 667 

0 645 

0 621 

3,5.0(XI 

0.848 

0.741 

0 706 

0 677 

0 6.55 

0.632 


0 855 

0 749 

0.715 

0 687 

0.665 

0 643 

45,000 

0 861 

0.7.58 


0 697 

0 676 

0 6.53 

.50 000 

0 869 

0 767 

1 0 732 

0 707 

0 686 

0 664 
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reached with a four-story building. A three-story building costs a 
trifle more than a four-story. A one-story building is the most expen¬ 
sive. This is due to a combination of several features. 

а. The cost of ordinary foundations does not increase in proportion 
to the number of stories, and therefore their cost is less per square 
foot as the number of stories is increased, at least up to the limit of 
the diagrams. 

б. The roof is the same for a one-story building as for one of any 
other number of stories, ami therefore its cost relative to the total cost 
grows loss as the number of stories increases. 

c. The cost of columns, including the supporting piers and castings, 
docs not vary much jier story .as the stories are added. 

d. As the number of stories increases, the cost of the walls, owing 
to increased thickness, incn'ascs in a greater ratio than the number of 
stories, and this i((‘m is th(; one which in the four-story building offsets 
the saving in foundaiions and roof. 

3. The saving by the use of frame construelion for walls instead 
of brick is not as great as many jiersons think. The only saving is in 
somewliat lighter foundaiions and in the outside surfaces of the build¬ 
ing. The floor, columns, and roof must be the same strength and con¬ 
st ruction in any case. 


I’nii'Ks .\Ni> Otheii Dat.v Used fou ]JsTiM.\TiNCi the Cost of Biiick Bcildinqs 
F oil Te.VTILK !lUNCF.U.TClll.\fi. 



r’miNDATIONH, 

UK'liiilniK I'lN-uavations 
Cost i«‘i laiK'at iMiot 

lUiK’k Walls 
(' ost per Sfiuare Foot of 
Surfaee 

Culunmfl, 
iiieludmg 
Pior.s and 
Castinea. 

Ftir Outside 
Walls 

For Inside 

1 \\ alls 

Out.sifll- 
W alls. 

, Iti.Hide 

1 Walls. 

1 

('ost of One. 

Ono-Rtory buildinj;... .' 

$1 75 

$1 .50 

so 33 

so 40 

$12.00 

'rwo-story l)mlding.. 

2 .50 

2 00 

0 37 

0 40 

12.00 

1'hrt‘O-f-tory building. 

3 25 

2 .50 

0 40 

0 40 

12 00 

Four-storv building 

4 00 

3 00 

0 43 

0 40 

12.00 

Five story buildins. . 

4.K0 

3.50 

0 46 

0 40 

12.00 

iSix-story building... . 

5 80 

4 00 

0 ftO 1 

1 

0 40 

12.00 


ASSUMED HEIGHT OF STOllIES. 

From ground to first floor 3' Buildings 7.5'wide, stories 1.5'high 

Buildings 2.5'wide, stories 13'high “ 100' “ “ 16' “ 

“ .w “ “ 14' “ “ 125' “ “ 16' “ 

Floors, 25 cents jwr square loot of gross floor-space. 

Hoof, 20 cents per square foot. Roof to project IK" all around buildings. 
Stairways, including partitions, $100 each flight. 

Allow 1 stairway and one elevator tower lor buildings up to 150' long. 

“ 2 stairways “ “ “ “ “ “ “ “ 300' “ 

“3 ■ ■ 1 . < < I < " “ “ over 300' ‘ ‘ 

Plumbing, $75 for each fixture, including piping and partitions. 

Allow 2 fixtures on each floor up to 5,000 square feet of floor-space and add 
1 fixture for each additional 5,000 square feet of floor or fraction thereof. 
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Fia. 75.—Estimated Cost of Buildings. 
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denatured or industrial alcohol. 



76 —Estimated Cost of Buildings. 
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Fig. 77.—Estimated Cost of Buildings. 
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Fio. 78 .—Estimated Cost of Buildings. 
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Cost of Alcohol-distilling Plants. —In continuation of the costs of 
aleolml-dislilling plants it may be said that the larger the production 
the cheaper in prn))ortion is the o])crating cost. The .same rule holds 
as in tlie economics of any other manufacturing business. It costs 
aluKist as much, tlicreforc, to operate a 2500-bushel corn plant as one 
of .5000 buslicis (hiily cajiacity, and to o])crate a 6000-gallon molasses 
l)lant as one of 12,0(H) galkuis daily capacity. In addilioji the 
larger part of the increase in cost from (he smaller to the larger of 
these ca])acilies is for iniTea.scd apjiaratus. This being the case, it is 
merely a (|uestion of what is th(' minimum rejusonable operating ex¬ 
pense for .such plaids in terms of daily c.apacily of iiroduction. l'lx])eri- 
ence has shown that such capacity, in case of corn, is 5000 bushels, 
and of moias.ses, 12,000 gallons. Kach jilant, in such a case, has the 
advantage at (he start of the lowi'st operating c.xpenses commensurate 
with Sound business cxperiimce and successful openition. 

The daily )miduction of 95',7. alcohol in the case of the 50(l0-bushcl 
corn plant is, in round numbers, about 15,000 gallons, while from 
the I2,(l(l()-gallon midasscs idant it is about 5400 gallons per day. 
Several recpiiremcnts may be broadly stated as also iutiuencing 
the cost of alcohol-ilistilling jilant,-'. The warmer the water foi u.se 
in the condensers, the more, condensers are required for cooling 
purposes. Till' condensers of the Soulhern plants are of a difierent 
tyiie from those in the North, and hence the construction varies. One 
of the principial items is to have good cool fresh water, and lots of it, 
.\s a rule, it is estimated in all the houses that, it takes 500 gallons of water 
to make about 4.1 of whiskey or proof spirits, counting water for boilers, 
for mashing, and for tlii' fermentation. Nome plants without modern 
imiirovements take more water than others, but this is an average 
in figuring pumping capacity for a modern plant. In the grain-house 
grinding and mashing machinery and apparatus arc required, as has 
bi'cn fully described in Chapter II. In a molasses-house no such 
machinery is required, and hence the cost of the latter is lessened by 
the jiroportional amount of money which such an equipment represents. 
The number of men reipiired is, therefore, le.ss than in the case of a 
grain-house. In redistilling and rectifying there is a shrinka,ge of 
alcohol according to (he equipments of the house. In a house equipped 
with all the latest improvements the loss is not so great as in one not 
up to the standard. The shrinkage varies from 8 to 16 points, that is, 
from 0.0.S to 0.16 of a gallon of proof siiirits. 

The consideration of a continuous still which will prevent such loss 
from double distillation by extracting the high-proof alcohol in one opera- 
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tion direct from the mash, while at the same time all the valuable fusel- 
oil is saved, is therefore of prime importance in the manufacture of alco¬ 
hol for denatured alcohol. This has been fully ex])laincd in Cliapter 111. 
Such a type of still is necessarily very (‘X])ensive. The construction of 
alcohol-dLstilling plants of the kind we are Cf)nsidering includes a five- 
slory .still-house of steel and concrele of fire-proof construidion, a brick 
slorehouse for the filled jjac.kagi'S (barrels), and a corrugated-iron build¬ 
ing for ('inpty packages. The cost of a ,")()00-bushel C!)rn distilk>ry, with 
complete equipnu'iit of boih'r.s, machinery, and api)aratus, exclusive of 
land, is api)roxirnately |3(K),tK)0, The cost of a molasses distillery of 
12,()()() gallons daily capacity, on the .same basis of calculation. Is approxi¬ 
mately $180,000. No attempts have' Ix'en made to itemize the.so esti¬ 
mates. Th('y were given the author by contractors and builders of 
experience. Coj>])er (uders very largely into the f|uestion, and a p?’ice 
to-day would not, perhaps, reprixsent the conditions a year hencr;. The 
same is also true of building mab'rials and th(' ])roporlion of tlw^ cost of 
labor to the total cost of these |ilant.s. For preparing denatured alcohol 
an additional building and api)lianccs arc required, also a denatured 
alcohol warehouse, and the sum of $20,000 must bo added to the above 
estimates, in .such ca.se, for this additional equijmient. 

Cost of Commercial Wood Alcohol (Methyl Alcohol).—Methyl 
alcohol is obtaineel in the United States chiefly by the destructive dis¬ 
tillation of wood. In Europe it is sometimes manufactured by the 
destructive distillation of peal and also from vinasse (th(' residue remain¬ 
ing after tla; distillation of fi'rmented beet-root molas.ses), and Allen 
(Commercial Organic .Analysis, Vol. I) points out that “methyl alcohol 
may b<' i)rei)ared by a variety of .synthetical reactions.” 

The products from peat and vinasse are, however, inconsiderable, 
and e.re more or less incich'ntal or by-products. The preparation of 
methyl alcohol by synthesis Is not practiced on a commercial scale, as it 
is too c.xpensive a process to admit of this being done at a profit. 

The commercial demand for methyl alcohol for .all purpo.scs through¬ 
out the World Is met by submitting wood to dry distillation, the methyl 
alcohol, together with many other products, U'ing obtained from the 
liquor condensed from the vapors evolved. The re.sidue from (he dis¬ 
tillation is charcoal, which finds wide employment as a domestic fuel and 
in the smelting of various ores, chiefly inm ores, for the production of 
charcoal or .Swedish pig-iron. 

The operation mentioned above Is called destructive distillation be¬ 
cause, in the process of valorizing, the temperatures attained arc so 
high that the original character of the wood is thereby destroyed and 
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the product recovered by condensation represents a more or less acci¬ 
dental rearrangement of the elementary sutetances that were present in 
the wood. Tliis d(>structive distillation as now carried on in the large 
modern works takes place in huge iron retorts or ovens called “by¬ 
product ovens,” and is analogous to tlu; operations involved and the 
appliances employed in the destructive distilhUion of coal. 

'I’liese ret,oris or ovt'iis are heated by fires maintained in furntices 
below. Th(! hot gases (products of combustion) (urcuhite through (lues 
in the side walls, so arranged .as to etiust' an even distribution of heat 
throughout the charge of wood, with a maximum econriniy of fuel. Some 
uncoriilensable gases are given off during the imicess, and these, together 
with the “broken ” charcotd (also ('idled “breeze” and “brase”) and 
residuid t:ir, are emjJoyed as fuel in these furnaces. 

The by-jiroduct oven or retort consists of massive masonry construc¬ 
tion. ojieii id eacli ('tid, w'ith heavy iron doors, and has a caiiacity of from 
three to four steel cars, into which the wood is packed. The wood is cut 
to :i uniform length and of a maximum diameter of 4 to .0 inches. These 
Ciirs are now run into th(' carboidzing-chamber of this oven or retort, 
after which the doors are closed and sealed air-t,ight- by Wiiter-cc^ohid 
rubber ga.skets. (In the older types of thc'se ndorls they are built in 
pairs, and the covers are seah'd iiir-tight by means of clay.) 

In this modern “by-|)roduct oven ” the wood Ls rtdorted or (kistruc- 
lively distilled .as has be('n described, th(' operation usuidly reciuiring 
twenty-four hours. When the distillation is linished, the cars con¬ 
taining the hot charcoal are drawn out of the oven, and cars newh' 
charged with wood anr run in, the furnace fires meanwhile being kciit up. 

To prevent spontaneous combustion of the hot charcoal, the cars 
containing it tire at once run into .steel chambers,.which are then clo.sod 
to (‘xcliuh' the air. Here this charcoal is h'ft for about forty-eight 
hou's, in onh'r to allow it to cool to a point where it can be drawn out 
and remain exposcid to the air without danger of its taking fire. 

The tar jiroduced in such a modern jjlant furnishes with the eom- 
bustible waste gases, mentioned above, sufficient fuel for the heating 
needs of the entire retorting or destructive distillation of the wood. In 
some loctilities natural ga.s is used for fuel purpo.scs. Coal is only neces¬ 
sary in the older retorting .systems. 

'flic character of the product obtained from this destructive distilla¬ 
tion of wood depends to a considerable extent upon the temperature at 
which this distillation takes place, which is usually from 400° to 600° F. 
where iron retorts arc employed, and the distillate consists of a weak 
complex liquid mixture of water, tarry substances, acetic acid (pyro- 
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ligneous acid or wood vinegar ), creosote, and wood naphtha, with small 
amounts of other organic substances, and it possesses an extremely 
repugnant odor and disagreeable taste. 

Since the valuable imrtions of this distillate hax:l their origin in the 
solid fibres of thi; wood and not in the sap or moisture, a greater economy 
of fu(‘l is t)btainc(l by drying or seasoning the wood to the utmost de¬ 
gree jiracticable before it is “retorted ” or distill(id. For l.liis reason 
wood is cut a year before being used. And further, since the resinous 
or tarry i)ortions of the distillate are th(' Iciust valuable and prepon¬ 
derate in fir or balsamic lroe.s, only leaf or foliage woods are employed. 
In the [fnited States, now the chief seat of this industry, maple, beech, 
and birch are the woods usually employed as giving the richest dis¬ 
tillate capable of the most economical “after treatment.” The liquid 
or distillate obtained as above described is now usually worked on an 
improved system known as the “gray acetate system,” a name de- 
riveil from one of its ])n)ducts, the .so-called gray acetate of lime, and 
which has supersede<l the less jirofilable and less cleanly “brown acetate ” 
])rocess, which gave brown acetate of lime (an acetate containing a 
large percentage of undesirable and valueless tarry impurities). 

Brow n acetate of lime is .sold on a b.asis of (iO per cent of real acetate of 
lime, while gray acetate of lime is sold on basis of SO per cent. Both 
kimls usually run from 2 to 7 ]ier cent over these figures. 

Fig. SO shows a graphic representiition of the steps in the destructive 
distillation of wood and the products obtained by the “gray acetate 
system ” in the manufacture of crude wood alcohol of .S2 jier cent in 
strength by Tralles’ tdc.oholometer. 

In c.X])laining the improved process (“ gray acetate ” proces.s) it 
may be said that the entire distillate from the destructive distillation 
of the wood is at once submitted to a second plain distillation, i.e., the 
litiuor is (!vaporatcd at a temperature below the critical point at which 
the molecukis break up to form now pniducts. This distillation takes 
place in a copper still or in closed kettles connected by a v.apor-iJipe 
from the top to a suitable condenser and receiving-tank. As the dis¬ 
tillation commences, the wood naphtha, which constitutes the most 
volatile jiortion of the liquor and is present to the extent of about 
i of I jier cent by weight of the original wood, begins to distill over 
and is collected until the boiling-fKiint has reached about 110° C. 

As the wood naphtha becomes exhausted, the crude acetic acid 
comes over very dilute and the distillation is continued until no more 
acetic acid can be obtained. About all the water comes off with the 
naphtha and acetic acid, so that the residue in the still consists of tar 




Fig. so.—G raphic Rcpreficntation of the Destnictive Distillation of Wood 
making Grade Wood Alcohol 82 per cent Tralles. 
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rrcosotc, and other oils of low value. Tlicsc arc usually employed as 
liquid fuel in connection with a jot of steam, and thus contribute to 
the economy of this first distillatk'n of the wood. 

The second distillate thus obtained is now neutralized with lime and 
isayaiii distilled. The distillate thus obtained consist.s of wood naphtha of 
about The residue of frray acetate of lime is a product which has 

a larftc' variety of use.s such as the manufacture of acedone, from which 
chloroform is now jirincipally niiwie; tin; manufacture of acetic acid, 
both commercial and jiure, and for the making of a(*tatcs of various 
kinds for different manufacturing ])urposes. The wood naphtha 
31 ’' ,', or dilute crude wood alcohol, is now twice distilled to further 
remove tarry bodies and water and the product thus oj)tained is the 
crude wood alcohol S2 ])er cent by Tralles’ alcoholometer, and this 
IS termed the strength in alcohol. As a matter of fact it is nothing 
of tlie sort, and such a figure', owing to the acetone and other substances 
pi-esent lighter than wal(^r, does not rci)rcscnt the nad .‘dcoholic strength 
in terms of absolute methyl alcohol. A content of acetone as high 
as .'!(l per cent is sometimes met with in such crude (82 [icr cent) wood 
alcohol. 

('oinmcrckd H'oorf Alcohol (9,5 per cent slrcmjlli ).—This crude wood 
alcohol, S2 ])er cent, is now shii)ped to a refinery usually so located 
as to i/c central to many crude wood-alcohol plants in order to be assured 
delivery of the large quantities of such cnidc wood alcohol needed for 
the jiroduction of commerci.al wood alcohol (9.5 per cent strength;, as 
well as for th(^ .saving in fn'ights and for economic.al o])eration. 

The refining process necessary to convert this unmerchantable 
crud(' wood alcohol into a condition or quality necess.ary for commer¬ 
cial imrposcs is analogous to those used in the refining of crude jietro- 
lemn or minend oils. 

,'everal alkaline distillations invidving the u.se of alkaline substances 
such as lime are necessiiry to remove the i)honols, which are very per¬ 
sistent iuiimritics. 

A distillation with acid is sometimes em))loyed t{) fix the ammonia 
and volatile l)asic substances. These chemical processes arc combined 
with a series of fractional distillations in order to remove impurities 
for which chemical treatment alone will not suffice. The distillation 
apparatus employed is very expensive and of highly complicated con¬ 
struction. The final product thus obtained is commercial wood alcohol, 
which is usually sold at 95 per cent strength by Tralles’ alcoholometer, 
and contains from 10 per cent to 20 per cent acetone and varying pro¬ 
portions of other organic impurities. 
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Usually there are required five gallons of crude 82 per cent wood 
alcohol to produce four gallons of commercial 95 per cent wood alcohol. 
As the cost at the plant for making the crude Ls about 39 cents a gallon, 
the cost of one gallon of the comnuTcial is alH)ut 55 cents, 5 cent.-i being 
added for the manufacturing cost. In shij)ping this commercial wood 
alcohol 95 per cent, the price .should include, in addition to the aljove, a 
cost of about 11 cents a gallon for freight and distribution charges, mak¬ 
ing the jirice about 67^ cents a gallon when sold in large amounts. 

Since the wood-alcohol industry w.'is started the yield jht cord of 
wood in gallons of crude wood .alcohol 82 ])er cent has increased from 
3.' gallons to as high as 12 gallons. This result luus been accomiilished 
by the introduction of modern iron retorts and ovens to replace the 
charco.al kilns formcTly employed, .and by mod<‘ni eontinuous steam dis¬ 
tilling apparatus and spc'cial methods of rectification. 

tV)inmerci.al wood alcohol Ls a favorite denaturing agent abroad and 
pos.sesses valuable properties for such purposes. It is an aihnii-able 
denaturing agent, and any method tending to reduce its cost, is of the 
highest imiKirtance. In view of the great ])rogress and increased yields 
mentioned in the history of this industry, it may confidently b(' e.Ki)ecled 
that the selling price of commercial wood .alcohol may be redu<'e<l.' Suii.e- 
times commercial wood alcohol is still more highly rectified and refined 
up to strengths of from 97 to 98 per cent by volume of real methyl alcohol. 
Some of these products are so pure that only an e.xpert is eiialded to 
detect the difference between them and a sample of good-grade eom- 
mercial 95 per cent (ethyl) alcohol. Such products are sold under the 
names of .Manhattan Spirits, Columbian .S])irits, Hastings’ Sj)irits, Alco- 
lene, Eagle Spirits, Colonial Spirits, and Lion d’Or. Concerning these 
purified products, which are methyl alcohol, it may be said that the 
laws of Massachusetts require that all methyl alcohol, whether crude or 
refined, be labeled “Wood Alcohol—Poison ” in black letters of large 
gothic type. 

' Since this prediction was made the selling price has dropped to 40 cents [X-r 
gallon. 
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ALCOHOL AS AN ILLUMINANT. 

Tlic Inoandoscent Mantle for the Alcohol Liiinp. The Incandescent Alcohol 
Lamp. The Alcohol Illiiminatcd-sign I,amp. The German Incandescent Alcohol 
Street Lights. Cost of Lighting hy Kero.sene. The Incandescent Welsbach Gas 
Light, Acetylene as a Source of Illumination. The Klectric Incandescent and 
Arc Light. Alcohol Compared to other Sources of Illumination. 

The u.so of alcohol for illumiiiating purpo.sos dales batik to the year 
ls:>3 ill the United Statt's. In that year Augustas Van Horn Webb 
introduced a substitute for the then existing portable lights, viz,, candles 
and whale-oil, culling it “.spirit gtis,” being a mixture of alcohol and 
spirits of turpentine. His chief dilfieulty consisted in the weakness of 
the alcohol, druggists’ alcohol or spirits of wine about .SO per cent proof 
being the only (dit.ainable commercial alcohol, which in itself was not of 
sulllcient strength to incorporate and hold in .solution under all tempera- 
lures t,ne turiientine rciiuired to carbonize and impart body to the light 
derived from alcohol. 

Subsoiiucnt exix'riments resulted in the addition of other ingredients 
such as gum-camphor, etc., wht'reupon he changed the name of the mi.x- 
ture to “(camphorated gas.” The inen-asing demand for the “gas ” or 
fluid resultcMl in the invention of the alcohol column by .lolin Wright, 
whereby, by a procc.s.s of exhaastive distillation, what was thereafter 
known as 95 p(;r cent alcohol was jiroduced, this being of sufficient 
strength to receive and retain in perfect solution the rcciuisitc (juantity 
of .spirits of turpentine to impart light and maintain jxtrfect combustion. 

In LS38 Jlr. Webb invented and introduced his “Webb’s camphene 
burner.” Ordinary spirits of turpentine containing too much rosin for 
Ills purpo.se, he set about purifying it, and succeeded in relieving it of its 
resinous properties. This he submitted to the eminent chemist. Dr. 
James R. Chilton, for analysis, who gave it the name of “camphene,” 
which term Air. Webb adopted in his patents, .and from this period the 
names “spirit gas ” and “camphorated gas ” were changed to “burning 
fluid,” a mixture of one part of Webb’s camphene and four and a half 
parts of 95 per cent alcohol. 
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The decade from 1830 to 1840 witnessed the introduction of high- 
proof alcoiiol and its use as a solvent for illuminating purposes, and the 
almost entire substitution of caniphene and burning fluid for caiulles and 
whale-oil for artificial light. Indeed from 1840 to 1800 caniphene and 
burning fluid were emphatically the “lights of the world,” the former for 
fixed lamps, the latter for portable lamps. 

The distillation of alcohol from high wines or common whiskey was 
then conducted exclusively by the rectifiers in the East, and .so continued 
until the 'fifties, when distillers in Cincinnati and lllitiois jiroduccd sonic 
!).■) per cent alcohol which found its way to th(' Easti'ni market. 

Erom 1850 to the outbreak of the Civil War tlie business of distilling 
alcohol and camplierM', and the manufacture ami sale of burnitig fluid, 
became a distinct and very extensive businc.ss in the city of N'ew York. 

From the ailoptionof alcohol for illuminating inir|K).scs in the manu¬ 
facture of burning fluid until the outbreak of the war four fifths of the 
entire production of alcohol for home cotusumption wtis u.s('d in the manu¬ 
facture of burning fluid. The remainder was u.scd by druggists and in 
arts and manufactures. 

Late in the 'fifties experiments wi-re made in the ))roduction of coal- 
oil for illuminating purposes by the (tccomposition (destructive disti'la- 
lion) of coal, chiefly the Albert coal. Shortly thereafter came the dLs- 
coi'crv of petroleum, which led to the introduction of kcroscni' oil. or 
rciiiH'd ix'troleiim, for burning ])urjx)scs, Samuel Downer of Itoston being 
mainly instrumental in liringing it licfore the public. JIany may ri'call 
the article known as “Downer’s kcro.sene.” 

At this period, say 1800 to 1804, attention was called to rcdlning 
petroleum for illuminating jturpo.ses, thus furnishing a substitute for tho 
camifliene and burning-fluid lights. The price of caniphene ro.se from 
35 cents per gallon prior to the war to $3.80 pi'r gallon in 1804 5; and 
th(' imposition of the tax on distilled sjiirits (which included alcohol from 
necessity, it being so intimately and indissolubly connected with tho 
spirit used by rectifiers, and almost identical with high-jiroof or cologne 
s])irit) increased its co.st beyond the possibility of using it for burning 
fluid in competition with kerosene oil. 

The progress made in refining petroleum and the invention of lamps 
for burnitig it during the interval of the disuse of burning fluid and cam- 
phene rendered it an acceptable sulistituU' for burning fluid and cam- 
phenc, and owing to its marvelous cheapness it became, and in all 
probability may continue to be, “the pt-ople’s light.” The abolition of 
burning fluid caased a reduction of four fifths, or 80 per cent, in th.e con¬ 
sumption of alcohol. The remaining small percentage of the product 
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met the requirements of druggists and that used in the arts and 
manutaeturcs. 

It is interesting here to notiee that, on the authority of tlie Hon. 
IJavid A. Wells, Commksioiu^r of Internal Revonu(! from 1860 t) 
1870, written October 11, 1887, the use of proof spirits for the; “burning 
fluid ’’ !ibov(! referred to, “in 1860, in j)lace.s where coal-gas was not 
available, was all but universal, and nece.ssitated a production and con¬ 
sumption of at least 2r),0(X),(KK) gallons of proof spirits per annum, which 
in turn would have' re<iuire(l the production and use of some 10,(K)t),000 
to 12,(KK),()(H) bushels of corn. In Cincinnati alone the amount ()f alcohol 
reiiuircd every twenty-four hours by tliis industry was e(iuival('nt to the 
distillate of 12,t)tH) bushels of corn. Kach gallon of .alcohol used in 
this ‘burning fluid ’ requiring 1.88 gallons of proof sjhrits for its manu- 
iaclure.” 'rherefore the 2.'),t)IX),l)t)ll gallons of i)ro()f spirits used per 
annum referred to were equal to about l.'l.bW.SiU gallons of commercial 
alcohol of 6.7 jx'r cent strength. 

d’hc almost conqdete clisuse of alcohol in an industrial w.ay in the 
I'niti'd States on account ot the tax, as described, naturally iwohibitcd 
.anv development of api)aratus for using alcohol, and our inventive facul¬ 
ties and abilities were turned in other directions. 

On this account theapi)aratus shown in this IhkiIc is necessarily largely 
of foreign mahe. As tinu' jrasses we may speedily hope for a change 
in this respi'ct, and that American inventive genius will iinijrove on 
these problems already solved and .solve tho.se as yet jrarlially developed 

The Incandescent Mantle for Alcohol Lamps.—The adairtation of 
the manlh' for use with the alcohol lami>s for illuminating purpo.scs 
marked a notable improvement in the efliciency of this lamp and made 
it a. success. 

There is then-fore no longer any need of mixing purified spirits of 
turpi mine or cam|)hcnc with alcohol, as was neccs.sarv heretofore to 
]iroduce a luminous flame. The importance of this invention renders 
of much intrOrest a brief ihiscription of the discovery and manufacture 
of the modern mantle. 

* About the year 1.S.S0 a young German, Dr. Karl Auer, while 

working in Professor Bunsen’s laboratory, finding that for his chemical 
expr-riments on the rare earths he ncediHl a very light thin filament, 
conceiv(!tl the idea of .saturating a cotton fibre with a solution of the 
rar-e earth, and then burned out the cotton, leaving Irehind the skeleton 
of the earth desired. _ 

* Mr. H. 8. Miner, chemist for tlie Wclshacli Company, has kindly fumislicd 
these faets for the author. 
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The invention Ijy Professor Bunsen of the piiis-hurner which beans his 
name "ave a greater stimulus to the development of incandescent ptas- 
liglitin" than anv one thin;; up to the work of Dr. Auer, and in fact with¬ 
out t his invention even his work would have been of little imactical value. 

The experiment, of Dr. Auer was successful, and he eventually con¬ 
ceived the idea of working out a new sy.stem of illumination. 

.After very ('xh.austive experiments he settled uj)on the compesi- 
tion of the present mantle, which consists practically of !)9 per cent 
thoria and I per cent ceria, and this composition gives jjractically the 
best lighting ellicioney. 

The ]irescnt jirocess by which a mantle is niiule is to knit or weave 
a cotton fabric, saturate it with ti solution of the rare etirths above 
mentiotK'd, after which the fabric is dried iind the asbestos loo]! or ring 
is attached to the top. The fabric is then incinerated, during which 
process the thread is entirely removed tind the earthy matter only 
remttins. After being subjsicted to ti hardening imocess over an intense 
gas-flame, the mtintle is dipped in a collodion solution, which strengthens 
it so it uill resist the shocks incidental to handling and transportation. 
A thousand hours is considen^d the n!asonal.)le burning life of a mantle. 

The Incandescent Alcohol Lamp.—Before taking up the kinds and 
details of these lamps it will lie of interest to comi)are idcohol with 
kerosene for lighting puryxises. In order to ascertain the cost of lighting 
by alcohol as com})ared to that of kerosene, the most widely used illu- 
ininanl, careftd dui)licate, photometric tcst,s were made by the Mlcctrical 
.Testing Laboratories of New York and the roi)orts of such tests were 
submitted by the author at the Congrc,ssional “frec-alcohol” hearings 
held in Washington, 1). C., J'’ebruar}'-March, 190(5. 

Th(> lamps shown in Pig. SI, p. 212, are tho.se referred to in the photo¬ 
metric tests of alcohol versus kerosene as illuminants, the tests being 
as follows: 

The first test, made February 2, 1900, gave the following data (Re¬ 
port No. 1S70, Orders Nos. IVSIS and 1784). 


Lamp. 

One Gallon will 
Last I 

CandIe*power. 

Candle-power 

Houm. 


llrs. Min. 



Alcotiol. 

■W 52 

25 

1471 

Oil. 

87 0 

9 

1 

7H3 


The specific gravity of the denatured alcohol lused in the above test 
was 0.8180, or about 94.5 per cent by Tralles’ scale. The specific gravity 
of the kerosene used was 0.7930, and it was purchased from a local dealer. 
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This test included the French “Foiviii ” incandescent-mantle alcohol 
lamp and a flat-wick kerosene lamp such as is in common use in this 
;nuntrv, using a good quality of alcohol and kerosene. The deduc¬ 
tion to be mtwie from this report is that if we had two lamps of equal 
I’andlo-powcr and equal capacity, one burning alcohol and the other 
kerosene, the alcohol lamp would burn nearly twice as long as the kero¬ 
sene lamp. 

This is shown l)y the figures, because had the kerosene lamp been 
25 candle-power it would have burned about thirty-one hours as against 
about fifty-nine hours for the 25 candlc-])ower alcohol lamp. 

In order to determine just exactly what burners of identical shape 
would burn of alcohol and kerosene in a given time, a second test was 
made March 3, 1906, l.)y the same authorities, as follows (Report 
Xo. 1917, Order No. 1S.59): 


Lamp. 

One Cialton will 
Lust 

Candle-power. 

Candle-power 

Hours. 

Aluobol. 

IIl.s. 

57 

Mm. 

5 

30 ,35 

1732 

jii. 

2K 

to 

30 8 

883 


Tlie kero.sc'ne u.sed in the aljove test wiis purchased from a dealer in 
th(' A'icinity. Tlu! specific gravity of this kerosene was 0.7950. The 
specific gravity of the denatured alcohol used in this test was 0.8240, 
or about 92.6 pen’ cent by Tralles’ scale. 

It is also a matter of interest to know that extended photometric 
tests were made in 1900 by 1’rofe.ssor E. Rousseau, of the University of 
Brusseh , Relgium, to determine the comparative value of alcohol and 
kerosene as illuminanl.s. In the first series of sueh tests he used alcohol 
of !)6.4 per cent in strength, and in the second series alcohol of 94.2 per 
cent in scrength by the eentiC.simal alcoholometer. These tests demon- 
jtratc'd a difference in favor of alcohol of fully two to one, and are con¬ 
firmed by the American tests just given. The author quoted from 
this report of Professor E. Rousseau at the Congressional “ Free Alcohol ” 
hearings held at Washington, D. C., February-Mareh, 1906. 

This American test, mentioned above, in which a round-wick, central- 
Iraft kerosene-burning lamp was used, in comparison with the “Boivin” 
incandescent-mantle alcohol lamp using a Welsbach mantle, shows con¬ 
clusively that with two lamps of equal candle-power and equal capacity a 
rallon of alcohol pos.sesses about twice the illuminating value of a gallon 
of kerosene. These lamps are shown in Fig.81. The “Boivin” alcohol 
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burner in the lamp tested is easily regulated by means of a vapor screw 
valve so that the amount of light furnished can be diminished or incrcasiid 
at pleasure. The consumption of alcohol is also ('orrespondingly 
diniinislicd or increased. Under all circumstances these ]>hotometric 
tests show alcohol to possess about twice as much v.-duc as kerosene 
for lighting purposes. Denatured alcohol therefore can easily compete 
su(xesafully with kerosene at twice the cost per gallon. Moreover kfsrn- 
senc can only be increased to one half the selling price of denatured 




Fig. 81. 

Kerosene Lamp. French Alcohol Lamp. 

alcohol for illuminacing purposes at any given time, as these figures 
show. In discussing the comparative costs of alcohol and kerosene 
for illuminating purposes there arc a number of features to consider 
besides the simple economics of the matter. These may be considered 
as follows: 

1. Safety of the Akohol Lamp .—The alcohol lamp is much safer than 
the kerosene lamp, as a fire started from alcohol is reailily extinguished 
by water, which mixes with .alcohol in all proportions. Such is not the 



ALCJOHOL AS AN ILLTOHNANT. 


213 


case with kerosene, as the throwii^ on of water only serves to spread the 
fire. 

2. Quality of the Light Furnished. —^The white light furnished by the 
alcohol lamp is akin to daylight in its quality, and being also extremely 
steady and uniform, it is preferable to the yellow light of the kerosene 
lamp. 

3. The Heat Given Off by Radiatim.. —^This is much less in the case of 
the alcohol lamp than from a kerosene lamp of equal candle-power, 
t)ccause the flame of the kerosene lamp owes its luminosity to the 
I)articlcs of carbon present, which, not being perfectly burnt, become 
incandescent in the flame and radiate of necessity a considerable degree 
of heat, as any one who has read btisido the usual large round-wick 
kerosene lamp, such as was used in these photometric tests referred to, 
can testify. These conditions do not occur in tlie alcohol lamp, as the 
numlle becomes incandescent and not the flame. The flame of alcohol 
when burned in the wick lamp is, as is well known, of a pale bluish color 
and practically non-luminous. Hence the adaiitation of the incandescent 
mantle to the alcohol lamj) made it a commercial success, as has been 
.shown. 

4. Maintenance of the Aknhol Lamp. —As the alcohol lamp bums no 
'vick, it is free from this troublesome feature invariably connected with 
the use of kero.sene. The alcohol lamp does not smoke and is practically 
odorless. The fitting on of the mantle is easy and simple. The occa¬ 
sional replacing of the suction-wick used in the reservoir (body) of the lamp 
is quickly accomplished. The lighting of the alcohol lanipis more easily 
done than with kerosene, as the removal of the chimney or raising it is 
unnecessary. There is also much less vitiation of the atmosphere from 
burning denatured alcohol than in the case of kerosene, as we shall show 
later. 

Turning now to the details of the construction of the alcohol lamp, 
we will discuss them under the following heads; 

The Burner. —Fig. 82 shows the incandescent-mantle alcohol “Boivin ” 
burner. This consists of the little alcohol reservoir-pump, the suction- 
wick, the alcohol vaporizing-tube, V shape in form, and the mantle. 
Just below the mantle is a small circular-shaped a.sbestos-lined copjxir 
channel, in which a little alcohol is ignited by a match in lighting this 
lamp. 

The suction-wick merely brings the alcohol, by capillary attraction, 
to the V-shaped vaporizii^-tube. The tiny pump in the reservoir (body) 
of the lamp furnishes the alcohol necessary in order to light this lamp. 
This is done as follows: The vapor screw valve V is opened by 



214 


IJENATURJiD OR INDUSTRIAL ALCOHOL. 


unscrewing it, .and the .sprinf? lever 0 is pushed down to openate the 
pump. The alcohol so brought uj) to the igniting channel is lighted with 
a match through the .small opening al>ove 0. In about thirty .seconds 
the heat so produced vaporizes the alcohol furnished by the suction-wick. 
This vaiKir burns as a gas, making the mantle white-hot, after which 
the lamp burns automatically. 



Fig. 82. —Alcohol Burner of the Boivin Fig. 8.8. —Method of Clianging the Sue- 

Incandescent-niantlc Alcohol Lamp. tion-wick in the Boivin Alcohol Burner. 

This burner is as easily regulated as gas, the amount of light fur¬ 
nished, .and hence of alcohol used, lieing reduced at will. It is claimed 
♦that this burner consumes a liter (about one quart) of alcohol in fourteen 
burning-hours, giving a light of 4t) candle-power.* 

A smaller alcohol burner is also made by E. Boivin, claimed to be of 
20 candle-power and to consume one liter (about one quart) of alcohol 
in twenty-eight burning-hours. These burners arc intended for the 
French denatured (not carbureted) alcohol of 90 per cent strength, but 
will also burn U. S. completely denatured'alcohol. 

In Fig. 83 the suction-wick for this alcohol burner is shown, and 
also the method of changing this wick. The wick is made of cotton, 
very loosely twisted, and half an hour after being put in pl.acc it readily 
becomes saturated with alcohol and the burner is then ready for use. 


* French Standard Carcel. 
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This suction-wick lasts for months and Is therefore very infrequently 
renewed, although this is reaelily done. The cuts showing the kerosene 
an t alcohol hutips used in the tests referred to are shown in Tig. 81, 
]). 212. A.s with kerosene lamps, the form, design, and materials of the 
alcohol lamp may be varied at i)leasurc, depe-nding upon the cost. Some 
of these lamps are of beautiful design and finish. 

The “Boivin ” Trench incandescent street light “La Parisienne” is 
shown by Fig. 84. This light is also used in France for interiors. 



Fig. 84. Fia. 85. 

Fig. 84. Boivin Incandescent Alcohol Light for Inter ors and also Out-of-door 
Use: “La Parisienne.” 

Fig. 85. Students’ Alcohol Lamp. 


Some of the uses claimexl for it are for halls, stores, studios, railway 
stations, wharves, etc. This light has an illuminating power, it is claimed, 
of from 40 to 200 candle-power, according to the number of burners 
supplied, each burner giving 40 candle-power. 

In the other cuts we are shown, as in Fig. 85, the students’ or 
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rcadin" alcohol lamp. In Fif;;. 86 is shown the bracket reflector alcohol 
lamp. The alcohol lamp for projecting screen-pictures or views is .shown 
in Fig. S7. 


The alcohol lamp, as shown in Fig. 85, gives a very satisfactory light 
for the jiurposes of study. As the lamp needs jjractically no attention 
wlule burning, it contributes greatly to the comfort of the user. It is 
readily moved and convenient in shape. 

Tl'.e alcohol lamp shown in Fig. 86 is used as a source of illumination 
where the reflector is of great service. The focusing and concentration 
of the r.ays i f light by the reflector greatly enhances the lighting effici¬ 
ency of this lamp. It is very |)ractical in construction and jiossesses 
griait durability. 



In the alcohol lamp shown in the Fig. 87 we possc.ss a superior 
source of illumination for the purposes intended. The views shown by 
this lamp are very distinct and strongly mark the contrasting light and 
shade. This light may also prove of value in commercial photography. 

The copy of the U. S. patent, No. 781,490, granted January 31, 
1905. to Emile Boivin, of Paris, France, for the radiation-burner for .spirit- 
lamps, is herewith appended. The details are shown in Fig. 88, p. 218, 
and Fig. 89, p. 219. 
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N<>. 781,♦90. Patented January 31, 1905. 

UNITED STATES PATENT OEFICE. 

EMILE EOIVIN, OF PAIUS, FUANCE 

BAWIATION-BUllNER FOR SPIRIT-LAMPS. 
SPECIFICATION forming part of Letters Patent No. 781,490, dated January 31,1905. 

Application lilpil Dpoemlier 7, jnO:{ Sonal No. IS-J.ia.T) 


7V) nil v'hnrn il mail concern: 

lie il known tlmt I, Kmilh Hoivis, a citizen of the Ri-public of France, 
and a resident of Parts, l''rance, have invenled certain hew and aseful 
]ni|>roveinents in Uadiator-burner.s for Spiril-lanips, of wliicli the follow- 
inn s|)ecilica(ion. 

The siiiril-lainp burner which forms the ubicct of the jn’e.sent a))plica- 
tion is distinguished from other burners of the Kind by the noved urrange- 
nii'ul in I he chandler for the mixture of gases of a heating-radiator, the 
object and advantage of which is to insure dry vapors and a suitable 
form for the llame-lhat. is to say, the form of a candlo-flaini—whi.-h 
nniders the mantle inc!inde.s<-enl, and when the radiator and the parts 
flependeiit thereon are thoroughly heated the mantle furnishes and main¬ 
tains Its maximum illumiiiiding riower, while a great saving of spirit is 
elTectial. 

The object and .advaidages of the radiator, wliicIi is the e.ssential 
feature of the invention, tire as follows: 

First., .\fter the lamp has been alight for some time fhi.s nidiator 
liecomes heal.ed throughout, and trail,smits this heat by contact to the 
interior of the tubes c, in which vaporization is effected. This transmis¬ 
sion of heat is intended to dry the va|)or.s thus produced and to render 
them suitable for partial and complete combustion. 

Fecond. Independently of the form of the flame produced by the 
radiator as mentioned aljovi' 1h(> radiator proper, c, in consequence of 
its s])ecial form and the vertical slots fonnisl in it promotes the move¬ 
ment of the dry vapors which come from the mixing-chamlx'r d. 

in order to make the invention quite clear, it is illu.strat.ed in the 
accompanying drawings. 

Figure 1 is an elevation of the burner surmounted by the heating- 
radiator and th(' rod for supporting the mantle; Fig. 2, a vertical section 
through ,1 li in Idg. 4; Mg. 3, a plan of the heating-radiator; Fig. 4, a 
horizontal si'ction through C D in Fig. 2; Fig. 5, a plan of the ejector 
shown in h’igs. 1, 2, and 6; Fig. G, a vertical section of the burner, taken 
at right angles to Fig. 2; and Fig. 7, a plan of the burner. 

As shown in Figs. 1 and 2, the burner consists of a central tube a, 
which dips into the reservoir or body of the lamp. This tube is furnished 
with a suitable internal wick 6. At a certain height the tube a is sur- 
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mountcil by two fiat tubes c, i)laced suffieiently apart for receiving be¬ 
tween tlieni a mixing tube or chamber d, Figs. 1, 2, and 4. The mixing- 



Fig. ss.—S ectional Drawings sliowing tlie Constniotion and I^ctails of the Radiatioir- 
burner for tlje lioivin Patent Alcoliol Uamp. 

chamber d is brazed to the tube c and to the bottom of the radiator e, 
through which it runs. To (lie circumference of the base of the radiator 
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t Hie heater / is likewise brazed, which is formed by a tube open at the 
two ends and having (wo diametrically op]X)site openings. On the top 
(,f the heater / is a head-piece formed by a ring y, closed at one end by 
wire gauze /i, through which the' ui)i)er part of the radial-or extends. The 
two side tuU'S e are clos(‘d at the top by their abutments and by being 
held in a circular recess formed in tiu' base of (Ik* radiator c. hi the 
interior of each of the.se tubes is one arm of a U-shaiied tube i, the junc¬ 
tional horizontal part of which tube / is drilled with a hole communicat¬ 
ing with the holes in a pijie k. with an internal regulating-valve /. whiidi 
passes across an ejector fii, arranged on and brazial to the top of the (ulm 
(j. The base of th(‘ ejector in is drilled with two holes n registering with 
the two tint tubes e and permitting the passage of the s])irit-va|iors from 
tl\e wick U]i into said flat tubes. The regulating-valve /, by means of 
which the vajiorizing opera(i{)n can be started or the action of the burner 
be stopped, is operated from (he outside by a milled nut ». I’igs. 1, (i, and 
7 . The radiator c is slightly coiucal and hollowisl out inside. In the 
sides thereof arc a number of vertical slots /i. The top of the radiator, 



Flo. S!(.Sectional Drawings slinwing Dclails of the JLuliafion-bumer for tiie 
lloivin Fat(*ni .Alcohol Lamin 


which .'uns through the gauze wire li, receiv(>s the rod ii and man(l(>- 
holder I. The radiator is placed over (he mixing-chamber, and is in¬ 
tended t(. diffuse the va|Kirs is.suing from thi‘ ejectiir in in order to give 
them a liesired form and heat them more and more until a complete 
diliiision (hereof is effected. This heating is effected by conduction— 
that is to .say, through the conductive jiower of (he radiator to the hcitter 
and from the heater to (he tulies c witlioul any ('xternal action. 

The igniting of the burner may be effected in any manner, but jirefer- 
ably by the device de.scrilH'd in relation to Figs. 1 .and 7 of the accom¬ 
panying drawings. This doxdce consists of a cylinder n, drilled near the 
top with an opmung t, through which the spirit enters from the body of 
t!ie lamp. To th(' bottom of this device an elevating-tulx' ii is fitted, 
the toj) of w'hich ('liters the igniting-iian v and is then Ixint toward the 
bottom of the ve.s.sel. Th(' upper part of (he cylinder s carries a tube w, 
which acts as a guide for the rod .r of a piston arrangixl in the cylinder 
and the toji of which is under th(' ]X'rmaneut action of a spring r. The 
upper part of the piston-rod is bent ouUside the gallery a' in order that 
it may be lowered when the ignition is effected. An orifice 1 / is formed 
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in llin gallery a' to allow of the introduction of a match and the igniting 
of th(' K()irit which has been forced out of the cylinder s into the vessel v 
by means of the jaston y. This arrangement is suitable where simple 
refined si)irit is emiiloy('d for lighting pur[)oses; Init when for any reason 
whale\'er carbureted spirit, is employed, this spirit would not be suitable 
for the ignition, and therefore I reserve thi'right of isolating the above- 
describetl pump device in a reservoir-lube which is immerseil in the body 
of a lamp and into which spirit is poured suitable for several ignitions. 
The burner thus descriln'd acts as follows: The lighting or priming is 
effected as stateil. The si)irit is drawn up by'capillary action near to 
the ejector III. The va]X)ri/.ation begins in the central tube a and the 
vapors ascend to the side tube c, which tiny enter, thence escaping 
through the eji'clor and reaching the mixing-tub(‘ il become mixed, are 
diffused and heated by the radiator c, and tinaliy jaiss through the wire 
gauze II. taking the form desired for the mantle. 

\\'ha.t I claim, and desire to .secure by bidters l’at('nl, b - 
1 In an incande.scent-lami) burner, thi' combination with a mixing- 
chamber, of two upright vaporizing-tubes adjacent thereto, and a. l'- 
siiaped jiipe having a leg in each tube and provided with an a|)erlure in 
its hoi-izontal ])art in line with said mixing-chamber. 

2. In an incandescent-lam]i burner.-the combination with a wick- 
tube. of two Hat va])orizing-tubes extending up thei'efrom and closed at 
their u|i))er ends, a mixing-chamber between said vapoi’i/.ing-tubes, a 
V-sha.|ied pipe having a leg in each lla,t tube and )>rovideil willi an aper¬ 
ture in line with said mixing-chamber, and a radiator above saiil mixing- 
chamber. 

The combination with a wick-tube, of an ejector having a base 
closing the top of said tube and provided with two holes, vaporizing- 
tubes registering with .said lioles, a heater having ojien .sides and inclo.«ing 
and su])porting said tubes, a mi.xing-chamber between the vajiorizing- 
tubes, a l'-sha])ed ])ipe in said tubes having its horizoidal ixirtion extend¬ 
ing aero.ss said ejector and proviiled with an aperture commuiucating 
with the (‘jeclor, a valve controlling .said ejector, and a .slotted radiator 
surmounting said heater alwvi' the mixing-chamlier. 

In testimony that 1 claim the foregoing, 1 have hereuut :0 set my hand 
this 22(1 day of Novembar, ltl03. 

E.MILE HDIVIN. 

Witnesses: 

Ed.mond Lkcautweikr, 

H, C. Co.XE. 


In describing the Pheebus Ineande.scent Alcohol Lamp, of which a cut 
is shown in Fig. 90, it may lie said that the manipulation of this lam)) is 
liractically the same as those heretofore descrilied in this chapter. The 
lamp is lighted at A by a match. It is cxlinguishod by closing the screw 
vajior-valve B. In filling the lamp the alcohol is ])Ut in at the orilice (,'. 
D IS the regulator. For a table lam[i for reading purposes a .shiuie i.s 
placed upon the support E. The small rubber bulb shown, when com- 
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prc.< 5 SC(l, forces a little alcohol into the lighting chamber A. This bulb is 
readily detachable, being provided with a metallic connection. The 
lamp i.s here shown without the ba.se in order to .show the details. Any 
design and material is supplied for the base by the )nanufa(!l iircrs. 

The accompiinying cut shows the Pheebus Hanging Hilliard Incan¬ 
descent Alcohol Lamp. This lamp is of a beautiful design and furnishes 
a very .agreeable light for its purirose. The style showm is the large 
modci, and is finished in rich reddish brown or sea-green. 



The orn.atc hfinging I’hiebus lamp (1'ig. 92) is finished in an 
excpiisite variety of designs. As the manipulation of this lamp is readilj 
.suggested by the cut, no dcscrii)tion is necessary. The lam]) is ajipropri- 
ately us('d for hall-lighting j)urp()s('s. 

The Pheebus (small model) Indoor Alcohol Lamp, as shown in 
Fig. 93. is supplied with a clear-glass globe and Ls very effective in its 
|)owcr of illumination. 

In Fig. 94, p. 224, is shown the beautifully decorated Pheebus Indoor 
Alcohol Lamp. This lamp is furnished with a rich bead sharle, which 
can 1)e hi«l in any colors desired. The globe sui)i)lied with this lamp 
admits of an abundant illumination and a pleasing quality of light. 
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]'’roiii tho cut here given an idea is obtained of the appearance and 
finish of tlie Phccbus Indoor Alcohol Light with ground-glass globe, 
shown in Fig. ftl. 



V/ 

Flo. 01. —I’lui'lins Indmir Alcoliol Liglit Fio. 95.—I’lio'lnis Inclnnr Alcohol Light 
with Head Shade. with lironzc Design. 


For the puriioses of Illuminating Sign Lamps or Art Lamps the 
Phcebus lain]) shown in Fig. % is an c.\tremcly .satisfactory light. Any 
charactc'r of illuminated sign can be availed of with lh(’. transiiarenl 
shadfj. The lamp i.s largely used for drug-stores, restaurants, hotels, etc. 

German Incandescent Alcohol Street Lights.—The (icrtnan 
Incandescent Alcohol Street Light “Alba ” is shown in h'ig. 97, p. 2215. 
This light is guaranteed storm and rain proof. Each lamp is fully 
guaranteed. The <amsumption of alcohol per burning-hour is { liter 
(I cpiart), and the light thus furnished is claimed to be 220 candle- 
power.* “This light is also recommended for interior as well as for 
out-of-door u.ses, as it is claimed to be smokeless and odorless.” Alcohol 
below 90 per cent in strength cannot be used in this light. 


* Kerzen Standard. 






ALCOHOL AS AN ILLUMINANT. 


225 


The details of the construction of this “Alba ” light are shown by 
Fig. 98, p. 227. They are as follows: 

A Ls the little reservoir for holding the quantity of alcohol necessary 
to light the lamp. B is the principal or large alcohol reservoir of the 
lamp. C is the lever-valve by which the alcohol needed for lighting is 
drawn into A from B. D is the lighting-funnel. E is the heating-cup. 





F is the main-cock. The balance of the parts are described by Fig. 98 
itself. 

In order to light this alcohol light the proceeding is as follows, assum¬ 
ing that it hiis been all prepared, all ready to light: First close the 
main-cock F, then open the lever-valve C by pulling it down for twenty 
seconds in order to allow the amount of alcohol needed for priming to 
flow into A. The lever-valve C is then closed. The alcohol meanwhile 
flows into E, where it is lighted by a match through D. 
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The alcohol is permitted to bum for about a iniiiuto in order to facili¬ 
tate the formation of the alcohol vapor, and after waiting for a minute, as 
mentioned, which is the very earliest that the lighting should be attempted, 



Eio. 97 .—The “Alba” Alcohol Light. Made by Schwintzerand Graft, Berlin, 
(ierniatiy. 

the alcohol that was in E now having all been burned, the lamp is ready 
for lighting. This is accomplished by opening the main-cock F by 
drawing or pulling down the ring and chain shown attached to F, when 
after the lighting is effected the lamp burtis automatically. 
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If tlie main-cock is opened too soon or the above vaporizing for a 
minute is disregarded, tlien (he alcohol itself runs down, in place of the 
alcohol-vapor, into the burner and the mantle is broken down from its 



It 

Fl(.. 2 

>Viem-)i foi tutnini; 
Oil itod fuslrniug tbe 
MKin-OiK-V in the 
Cu«.omli'ttine pijiv. 



'i 

Hook fui 
out thu Diake. 



. no. 4 

CrubU for cleuning 
thu Diako-l'ipe and 
' tbtTuyfu--l‘ipe. 


Fig. 98.—Vertical Section of the “Alba” Alcohol Light- 


Strap by the pressure. However this is not material, as by removing 
the glass globe the broken mantle can be replaced by a new one. 

The light is extinguished by closing the main-cock F by drawing 
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down the chain attached as shown. Tlie alcohol-l)rake or regulating 
device for controlling the flow of alcohol is very ingenious and effeclive. 
It consists cither of brass-wire cloth, wound alxuit a central wire, or of 
a j)crforated brass tube packed with jislicsto.s. The alcohol flows by 
gravity slowly through this regulator controlled in addition by a thumb¬ 
screw, and is “gasified ” and burned in the mantle. The alcohol-brake 
is also uficd in many alcohol stoves and prevents any danger of “back¬ 
firing.” The details of construction are shown in the vertical section of 
the “Alba ” light in Fig. 98. 

German Standard Alcohol Street Lamp.—Another form of 
alcohol street light for circumstances where otluT fonns of illumination 
ar(‘ not obtainable, as well as from the [»int of safety and absence of 
smoke or odor, is the Standard light, which has given .satisfaction. This 
lamp is .shown in Fig. 99, p. 231). With regard to the details of tlu' lamp 
they may be described as follow.s; The alcohol is kept in the closed 
.s])irit-basin. From this a small tube leads down to the asbestos wick 
or g,as-gein'rahir. This gas-generator is en(io.sed in brass netting and 
receives the spirit in its lower i)art. The pressure of the spirit in the 
basin continuou.sly pushes a small quantity of spirit through the generator- 
tube, which in its upper part is e.vpo.scd to the heat developed by the 
burning spirit lamp. No back-firing is possible, as it is prevemted by 
the ask'stos. In the upper part of th(‘ wick the spirit is now tran.sformed 
into vapor. This vapor, or spirit-gas, enters the gas-tulx' leading down 
hi the burner, keeping the Auer mantle at full heat, and in this manner 
the light is produced continuously. To start the lamp a b.asin is fixed 
underneath the gas-generator, and in ofiening the main-cock (in order 
to light the lamp) a .small quantity of spirit, just enough h) .start the 
lamp, runs into this small ba.sin. Here it is now lighted. It heats up 
the wick and generates and ignites the gas, which shortly afterwards enters 
the burner. The lighting can Ik- done by an ordinary match, but where a 
number of lamps are used a special lighting instrument is preferable. 
To put out the light nothing more is required than to pull down the ann 
marked Z, and the light is extinguished at once. From this description 
it will Ih' seen that simplicity of construction is one of the vital ixiints 
of these lamps, and this is the re.ason that they burn for months without 
recpiiring any other attention than filling and lighting. The manipula¬ 
tions otherwise necessary in connection with this light arc very simple 
also. There is only the exchange of the generators or wicks and the 
renewing of the Auer mantle once after burning, say about 500 hours, 
and this can be done by any one without special knowledge. It may be 
stated that the consumption of alcohol in this light is about 1 liter (=1.056 
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quarts) in ten burning-hnurs, and it develops about '/() capdle-poAver of 
light. The cost ]x;r burning-hour of thi.s light varies with the price of 
the alcohol. As a rule the spirit used is about 172° .Vinerican ])roof, as 
claiuKsd by the maker. 

The co.st of 95% .strength denatured alcohol in Germany is 29.69 
cents per II. S. gallon. 

Cost of Lighting by Kerosene.—From the tests mentioned on 
pages 210 and 211 we find that a gallon of good kerosene burned in a 
9-candle-povver karap lasted S7 hours. At a cost, of 15 cents per gallon 
at retail for kerosene this lamp would cost, for this amount of light on 
these figures, about 17/100 of a cent jier burning-hour. The kerosene 
burned in the ;50.S-candle-])ower lamp lasted 2S hours and 40 minutes. 
A' a cost of 15 cents per g.allon at retail for kerosene the 30.8-candle- 
power lamp would cost, for this amount of light about 0.52 cent per 
burning-hour. 

Kerosene is burned as a vapor by means of a reservoir using 20' 
])ounds ]iressure and having a jiiped system to the incandescent-mantle 
lights. Each light has a vaiwrizing-chamber below it. and once this 
has been heated, to start it, the lighting is automatic. As there is, how¬ 
ever, a very tiny hole for the kenwene to admitted to the heaters, .any 
dirt (H'curring in the kerosene will stoj) these sm.all holes and hence shut 
off the lights. Very liigh elliciencies in candle-power of light are claimed 
for this system. 

Portable incande.scent-inantle kerosene lamps are made abroad and 
are being ('\perimented with in this country. The shape of the mantle 
is rather conical and the mesh rather open. The great delicacy of adjust- 
namt needed and the almost constant attimtion required to prevent the 
deposition of .soot (carbon) (tn the mantle in these lamps, liowevei, ren¬ 
ders their general us(! somewhat ilitficult. 

*The Incandescent Welsbach Gaslight. —In the development 
of tho Welsbach light the results of experiments conducted by Thomas 
Drummond in the year 1826 constitutetl practically the first step in incan¬ 
descent lighting. Ho used a stick of lime in an oxyhydrogen flame, 
producing the “lime-light” which with various modifications has been 
in continuous us<' practically over since. With the introduction of uncar¬ 
bureted water-gas a number of devices in the forms of baskets, combs 
perforated cylinders, etc., were invented to produce a luminous flame 
from this “blue gas.” Typical among these arc the lamps of Clamraond 
and Fohnchjelm. 

* The author is indebted to Mr. H. S. Miner, chemist of the Welsbach Company, 
for these facts. 
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The invention and the perfecting of the incandescent mantle by Dr. 
Karl Auer about the year 1880, as already described on page 209, brought 
the development of the incandescent gaslight to a successful commercial 
basis. 

In Fig. KK) is presented a cut of the standard WeLsbach lamp, and 
in Fig. 101 is shown one of their inverted or “reflex” types of lamp. In 
ex|)lanation of Fig. 100 it may 1x3 .said that the Standard Welsbach light 
using an 8-inch clear-glass chimney gives practi(3ally UX) candle-power 
horizontal illumination with a consumption of 4.."> cubic feet per hour 
on 21 candle-power water-gas containing about 0.50 H.T.F., when 
burned at 20/10 inches pressure, 'riiis produces an efficiency of 22.2 
candU'-power per cuba; foot. This ('fficicncy will vary on different 



Fig. 100.—Stamlard W'clshach 
Liglit. 



Fig. 101.— TIip Inverted or "Ueflex” 
Welsbacli Lutnp. 


gases and under different conditions of consumption. The standard used 
in tlie.se Welsbach-light tests is a 10-candle-power Harcourt jientane 
lani]). 

The Welsbtich reflex inverted light shown in Fig. 101 consumes 3.5 
cubic feet of gas per hour, and while the horizontal candle-power is not 
so great as in the ctust; of the upright burner, the light below the hori¬ 
zontal is considerably greater, reaching in one photometric test, using 
“ Ileflex ” burner, “ Rt'flex ” mantle, and 8-inch-deep cone mirror reflector, 
as high as 277 candle-power directly beneath the light and from 95 to 
230 candle-power at le.s.ser angles compared to the horizontal candle- 
power. 

With regard to the directions and care needed in using the Wcls- 
bach light it may be said that the instructions are as follows; The 



232 


DENATURED OH INDUSTRIAL ALCOHOL. 


Bunsen tube .should te .securely .screwed to the fixture-nipi)le after 
the threads of the .same have l)een coated with white lead or soap, and 
then the gallery .should be slippe<l over the Bunsen tube. The mantle 
should be carefully removed from the box and mounted on the burner. 
Then burn off the protecting coating, igniting at the top, and idace the 
gl.assware in i)o.sition. The ga.s should then be turned on and lighted, 
and the ga.s-;uljusting device at the base of the burner should l)e raanipu- 
laied until the best light is obtained. The glassware shotdd be removed 
occasionally and thoroughly washed and dried, at which time the gallery- 
carrying mantle should lie taken off the Bunsen tula; and any dust re¬ 
moved by blowing upwaixl through the burner. The gallery with the 
glassw.'ire should then be rejilaccd on the fixture. 

As to care in handling the mantle it can be s.aid that on account 
of the extreme fragility of the mantle it i.s necessary at all times 
to )is(' the greatest care. The pre.scnce of dust in the burner-tul)e 
will cause the mantle to carbonize. Many persons suppose that the 
manth' is then worthle.ss. After the dust has been blown out of the 
'burner, this carbon deposit may be burned off by turning down the gius 
with lb(‘ adjusting device at the ba.se of the burner. Mantles giving a 
mellow-white light are most preferable, as they arc stronger and maintain 
their light-giving (lualitics for a longer time. It may lie stated that the 
reasonable burning life of a mantle is lOOO hours. 

Acetylene as a Source of Illumination.—Acetylene gas is growing 
in importance as a source of illumination for special j)urposes, such as 
for lam))s used with automobiles, steam and naphtha launches, and 
lighting-plants for hotels and houses. For this rca.son it has seemed 
<lesiral)le to comp.are its u.ses as an illuminant with alcohol. Acetylene 
is also used in the Government lighthouses in our Southern rivers and 
bays for range-liglits in m.arking dangerous shoals. 

The generation of acetylene gas from calcium carbide is explained 
in Chapter VII, and the properties of .acetylene compared with other 
substances u.sed for fuel and lighting purposes. At the pre.scmt time 
the cost of acetylene is prohibitive for its use for general j)urpose.s of 
light, heat, and power. There are difficulties not yet wholly overcome 
which also prevent such general uses. 

In Fiir. 102 is shown the Acetylene Hanging Arc Lamj) ma<le by 
Klemm & Co. It is arranged for four acetylene burnere and is furnished 
withacleargroundglobeoralabasterglobcasdesired. This lamp tsused, 
acconling to the manufacturers, as an indoor lamp for lighting stores 
and offices. It is provided with an IH-inch opal reflector and ts finished 
tiickeVpiated. 
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* The cost of lighting depends entirely upon the price paid for the 
carbide, which at the present time can lie had at retail for *3.50 per 
hundred pounds. The makers claim 5 cubic feet of gas i)er pound, but 



Fig, 102.— Acetylene Hanging Arc Lamp. Made by Klemra & Co 
Pliiradclphia, Pa. ’ 

in practice it is found that 4J cubic feet is the average yield per pound 
at the burner. On this latter basis the gas costs 0.777 cents per cubic 
foot. 

The efficiency of different makes and different sizes of burners vary. 
The best burners of large size yield 48 candle-power per cubic foot con¬ 
sumed. The standard burner generally used for acetylene consumes 
J cubic foot per hour and gives 24 candle-power approximately. If a 


♦ "From data anppiwd by Mr. N. Goodyear, manager engineering department ot 
B. Co\t Company, Fle^N 'Yot\u 
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16-candle-power burner were made, it would cost 0.259 cents per burn¬ 
ing hour to maintain it. 

Regarding the qualities of acetylene the reader is referred to Bulletin 
57, Department of Agriculture, State of Pennsylvania, containing a 
report “ On the .Application of Acetylene Illumination to Country Homes,” 
by (leorgc (iilbert Pond, Ph.l). Writing from Harrisburg, Pa., regard- 



Fig. J0;i.—Acetylene-gas Generator. Made by J. 11. Colt Co., New York City. 

ing this rciport, Mr. John Hamilton, Secretary of Agriculture, says, under 
date of December 30, 1899: "The new illuminant, acetylene, which 
has now been tested to a considerable extent, has attracted the atten¬ 
tion of residents in rural districts, and if found to Ito safe and easily con¬ 
trolled will supply a brilliant and cheap illuminant very much needed. . . . 
This department makes no recommendations in the use of acetylene gas, 
and only presents the subject for the information of the public, leaving 
each individual to judge for himself as to its desirability for his use.” 
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In Fig. 103 is sliown a sectional view of the Colt Acetylene Gen¬ 
erator which is of the carbide feed t 3 'pc, the carbide btdng only fed 
as the gas is required. An ins|)ection of this cut shows the method of 
feeding the carbide. The feed mechanism is positive and tlic valve, which 
is douldo, is provided with a rubber seat surrounded with a rnctal cylinder. 
Tlie inner valv(! descends when working on a clean scat, and makes a 
liirlit joitit, which is a distinctive and unique feature; of this generator. 




Fic.'04.—Tlic Bcck-ldcti Acetyl- Fig. lO.S.—Sectional View of the 

cnc Lamp. Beck-ldcu Acetylene Lamp. 

The safety devices on the cold-generators art' carefully planned and 
constructed. Simplicity of operation and efTiciency are marked features 
of this generator. 

The Beck-Iden Household Acetylene Lamp .—* The Beck-Idcn Acetylene 
Lamp is shown in Fig. 11)4, which gives an illustration of it, while 
the sectional view of the same lamp, given in Fig. 105, shows the 
construction and details of the manner in which the carbide is fed to the 


* The makers of this lamp lurni.sh this statement. 
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water. Heretofore numerous attempts have been ina<]e to construct 
acetylene lamps in which the water was fed to the carljidc, but until the 
above-mentioned lamp was produced acetylene lain])s for hou.sehold 
use were in disfavor. The Rcck-Iden lamp, owing to tlie fact that it 
feeds carbide to the water, })recludcs any after-generation of acetylene 
gas when tlie feed is stoiiped. The success with whicli it ha.s met is due 
to this fact. By tliis proce.ss of feeding the lamp can be started or stopjied 
at will. The carbide used is in a finely granulated condition, being 
contained in the urn of the lamp, while the water is in the lower jairt or 
water-fount. 

In starting the lainj) the sennv on the side marked E is turned on. 
This jiermits the carbide to flow downward into the water. There is a 



Fm. 100.—.Sectional View of Beck- 
Iden Acetylene Lami), Separated 
for Filling. 


Fio. 107.—Sectional View of Water- 
fount of Bcck-Iden Acetylene 
Lamp. 



plug connected to a small gas-holder or diaphragm located in the top ol 
the lamp, and as the gas generated by the dropping of the carbide into 
the water fills the gas-holder, this plug is raised and clo.scs the feed- 
opening, and holds it closed so that no more carbide can fall until the 
gas in the holder is nearly used up by passing through the burner. When 
this occurs the plug again opens automatically to drop in a small quan¬ 
tity of carbide for the further generation of the gas. In this manner the 
operation above outlined is repeated automatically until the shut-off 
screw E is turned off, when the remaining gas in the lamji will pass out 
at the Vmrner, te consumed in alwut half a minute, and the light then 
goes out. The charge of carbide for this lamp is about 1J pounds, last¬ 
ing from 0 to 10 hours, and furnishes about 40 candle-power of light at 
an expense of 1 cent an hour. On a 16-candle-power basis the cost of 
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lighting is said to lie approximately ^ cent per hour. When the carbide 
is exhausted it is about like whitewash and pours out readily from the 
water-fount. The refilling of the water-fount with fresh water each 
time the lanij) is filled is as necessary as the placing of more carbide in 
l.he lamp. It is claimed that there is not enougli gas in a whole charge 
of the lamp to !ust)hyxiatc. Different sizes of burners arc furnished. 
The burning duration of the charge is le.ss the larger the burner used. In 
filling the lamp wifli carbide the top is .separated, as shown in Fig. 106, 
from the water-fount. Fig. 107 shows the water-fount. This lamp 
was acce])ted by the National Hoard of Fire Underwriters, having 
I)assed the necessary tests of safety. The lamp is portable and the 
(piality of light given is like daylight; the lamp when burning is 
odorle.ss and free from any soot, smoke, or dirt. 

The Electric Incandescent and Arc Lights.—This source of illumi¬ 
nation is so well known that a brief description of it will suffice for the 
jiurposes of our comparison with alcohol. Tmiuovemcnts which are being 
made in the filaments will it is claimed increase the burning life for the 
inciindescent lamp to double the present figure, or from about 480 hours 
to nearly ItKK). Where cheap power for the generating of electricity 
jjrcvails as we have indicated, or where conditions warrant, as in our 
large cities, this form of illumination has met with a very general and 
deserved use. The cost of electric-lighting on a 16-candle-powcr basis 
in very largt; cities is not over | cent per hour, as the price of electricity 
is arranged on what is, in effect, a sliding scale of prices, so that the 
larger tlie use the less is the price paid for it. 

1'his results in a reduction in many cases of from J cent per lamp 
hour for a IG-candle-powcr-lamp basis to as low as J cent and to an 
even lower price in some instances on this basis. 


U^UMMAKY OF CHAPTER VI. 

We shall make no attempt to give a precise comparison of the illumi¬ 
nating value of alcohol compared to the other sources that have been 
considered. So many factors enter into such a statement that it can 
only be made after very careful photometric tests conducted at one time 
and under identical conditions. In addition we have neither the cost of 
nor the standardized denatured alcohol as yet for such a precise test. 

As it will be shown in the next chapter that denatured alcohol vitiates 
the atmosphere least of all the open-flame illuminants, besides possess¬ 
ing the other advantages we have mentioned, it will be seen that the 
matter of the selling price of denatured alcohol, while of very great 
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importance, will probably not prevent some use of it for illuminating 
purposes, no matter wbat it is. 

In case of a reasonably low price, if it could sell for 25 cents per gallon 
for instance, denatured alcohol could actively coin})ete with kerosene, 
the illuminant which it appears destined to replace, just as in this count ry, 
previous to 1860, alcohol, as lias been shown, replaced the cheaper candle 
and the whale-oil lamp. 



CHAPTER VII. 


THE FUEL VALUE OF ALCOHOL COMPARED WITH THE OTHER 
USUAL LIQUID FUELS. 

Tlio Williiims Bomli Calorimctor. The Ttieniial Effioipncy of a Fufl. The 
Fuel Value of Denatured Aleohol. ('aleulatioie. of the Volume of Air Neeessary 
for (’oniplete (Viuil)ustiou of Alef)lio!. (lasr)line. Kerostme, and (’rude Petroleum 
liatio ot PrieeK ol Various Fuels. Hatio ol Vitiation of the Atmosphiu'e hy Com- 
hustion of these Fuels. Talile ol tlii' (’alorifie Value of tlie I'sual Liquid Fuels. 
Alcohol Healing and Cooking Apparatus and .^toves. 

Ri rtiKE euiisideriiig Hie subject pro|ier it may bo (if iuterest to indi- 
ciite in what manner the fuel vtilue of any eombu.stible, lie it a solid or 
a li'iuid fuel, may bi'st be determined, as well as to briefly describe a 
form of bomb calorimeter recently perfeett'd by .Mr. Henry .1. Williams, 
of Hoston, that is to-day in all probability the mo.st convenient and 
reliable in.' truinent. yet devis(>d for obtaining such results with accuracy.* 

The instrument is shown in Fig. KIS, which is a vertical section of 
the apparatus with all parts in position for making a combustion of 
coith Fig. 2 shows a jilan of the bomb. F'ig. 3 shows the upper por¬ 
tion of the casing of the electric stirrer. Fig. 4 shows a plan of the 
calorimeter and water-jacket with attachments for firing. Fig. 5 shows 
the bomb in ixisition in the calorimeter-can and its connection to the 
automatic electric, contact for firing. Fig. 0 shows the calorimeter-can 
and cover. Figs. 7, S, and 9 show the platinum crucible and details of 
the platinum crucible-strind. 

The Williams Bomb Calorimeter repn'sents the closed type of calori- 
metitrs in which the combustion takes iilace in an atmosphi'rc of 


■* Tlie perfecting of this instrument was originally started in 1S95 with the 
late Prof. Silas W. Holman, of Boston, to whom lull er(>dit is due for suggesting 
many valuable features of the apparatus. Due acknowledgment is also made to 
Prof. Peter Schwamh, of the Mass. Institute of Technology, who, in 1S97, designed 
the form ot bomb that, with but slight modifications, has been adopted. 
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oxygen ga.s. The lx)mb is made of aluminum bronze, whicli transmits 
heat mueh more rapidly than .steel. It is spherical in form, with the 
exeei)tion of a short neck through which it is charged and by means of 
which it can be .scaled. The spherical form secures the maximum strength 
and capacity attainable, with the minimum weight and bulk of metal. 



Fia. 108.—The Williams Bomb Calorimeter. 


so that the bomb requires less water to cover it, owing to its compact 
form, than if it had any other .shape. 

The bomb is closed by a lid, which is pressed directly downward by 
means of a nut which screws into the neck of the bomb and which bears 
upon a restricted tj|ea of the convex upper surface of the lid quite near 
its centre. The outer edge of this lid, underneath, where the area is 
greater, is brought into crushing contact with a light ring washer of tin 
resting upon a flat shoulder within the neck of the bomb. All twisting 
of the lid is thus avoided and all binding due to the crushing of the 
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washer is prevented, while a tight joint is invariably secured with but 
little effort. A light cheek-valve, which the interior pressure within 
the bomb forces upward when the oxygen is shut off, serves to automat¬ 
ically confine the gas. The check-valve .and closing-nuts replace the 
long projecting stem or pin-valve of the Mahler bomb, and they are so 



FlOS, 8 .t 9 

Fio. 109.—Details of the Williams Bomb Calorimeter. 


disposed as to make it possible to completely submerge the bomb, so 
that no heat developed within it can escape measurement. 

The calorimeter-can has a side-chamber adapted to exactly fit the 
casing of the electric stirrer, and a cover which effectually prevents escape 
of heat due to evaporation of liquid from the surface. 

The shape of the bomb and calorimeter-can are such that 1500 grams 
of water suffice to completely cover the bomb, an amount which is from 
32 to 37 per cent less than is required to only partially cover the Mahler 
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bomb. In consequence the range of temperature obtained by the com¬ 
bustion of a given weight of coal is much greater than Mahler obtains, 
being 4 degrees where he would obtain only from 2..52 to 2.72 degrees, 
and the small but unavoidable errors incidental to the reading of ther¬ 
mometers arc thereby greatly reduced. 

The outskle of the bomb is nickel-plated, while its interior walls are 
very heavily coated with pure gold, which protects them perfectly agaiast 
corrosion and furnishes a sound and durable lining which transmits 
heat far more quickly and perfectly than enamel. In making a calorim¬ 
eter test of coal the finely pulverized coal is compres.sed in the form of 
a little disc in which a deej) slot can be cut to facilitate its adjustment 
to the fuse-wire. The platinum crucibk'-stand has a deep crucible, across 
the top of which the loop of platinum fuse-wire hangs, uj)on which the 
slotted lump of coal, weighing exactly 1 gram, can be slipped. From this 
it cannot got disconnected, for it is supported by the sides of the crucible!. 
When all adjustments, which arc readily made, arc completed, the cru¬ 
cible-stand is lowered bodily into the bomb, which is firmly held in a 
screw-clanqj, and the upi^er extremity of the crucible-stand is adjusted 
to its side in electrical contact w'ith an insulated knob, outside of the bomb, 
through w'hich an electric current may be conveyed to the fuse-wire. 

The arrangements are such that nothing can disturb the integrity of 
the a<ljustnients when they are once mad(!, so that miss-fires are of very 
rare occurrence. Moreover the coal being in one piece, the crucible of 
deep form, and the crucible-stand entirely in the bottom of the bomb, 
I 0 S.SCS of fuel by scattering when oxygen is admitted, or by spilling, 
cannot occur. 

The stirring-apparatus consists of an electric motor, held in position 
on a rod above the calorimeter, who.se shaft, provided with propeller- 
blades, is sufficiently prolonged to reach to the bottom of the calorimeter- 
can. The shaft revolves within a light metal casing, open above and 
below, in such manner that a rapid stream of water is drawn up from 
under the bomb and is thrown out above and around it. The stirring is 
rapid and j)erfc(!t and requires no attention whatever, while the speed of 
the propellers is sufficiently constant to have made it possible to deter¬ 
mine with the greatest accuracy the c.xact frictional effect of the stirrer 
and to api)ly to the determinations the proper correction therefor. 

Finally the water-jacket which surrounds the calorimeter not only 
has the usual outside covering of felt and enamel cloth, but its top hsis 
also been provided with a heavy flat cover of non-conductiv'c material, 
so that the space within which the operations and measurements are 
conducted is ahsolutely protected against the influence of the surroundings, 
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and is only exposed to such influences as can definitely and accurately 
be known. To make doubly sure of this the water-jacket is provided 
with an electric stirrer of its own, so that its true temperature at all 
times is no longer open to doubt. 

The bomb having ten charged, placed within the calorimeter-can, 
covered with a known weight of water, both covers put on and the ther¬ 
mometers adjusted, the two electric stirrers arc set in motion and the 
stirring takes place automatically. The influence of the water-jacket 
upon the calorimeter is carefully ob.served and when it is found to be 
uniform the charge is fired. The rise of temperature during combustion 
is noted through a series of rciulings until the maximum is reached and 
the rejulings .are continued after the maximum, to determine the after- 
influence of the water-jacket upon the calorimeter. Projier correction is 
made for the amount of heat introduced through the fuse-wire, the melt¬ 
ing of which is timed with an accurate stoji-watch, from the dropping of 
the needle of .an ammeter placed in circuit. 

Aft('r the combustion tlw; bomb is removed from the calorimeter, 
jilaccd in the screw-clam)), the products of combustion drawn out and 
analyzeil, if de.sired, to ])rovc that the combustion was com])lete, the acids 
formed by the combustion washed down and carefully dr.awn out, and 
the nitric and sulphuric .acids formed determined by aii])ropriate methods. 
A .somewhat elaborate calculation is now required to correct the deter-, 
mination tor the influence of the surroundings, acids formed, fuse and 
stirrer, but these corrections can all be made with the utmost precision 
by cahadation from the very accurate and reliiible data which have been 
obtained. In short a result is obtained which .accurately and positively 
indicah's the true calorific value of the fuel, without appreciable loss 
of any kind, provided that the accuracy of all the instniments used has 
been carefully verified. 

The above instrument therefore furnishes the means of determining 
with very great accuracy the true calorific ))ojv'er of combustibles, it being 
assumed, c)f cour.se, that all the ])rccautions which it is necessary to take 
in securing reliable sainiilos have been observed. 

This same bomb calorimeter is equally well adapted to determine 
with accuracy the calorific value or heating-power of liquid fuels, such as 
alcohol, giisoline, kerosene, fuel-oil, or other combustible liquids, but the 
manipulation of the instrument has to be slightly modified to suit the 
particular fuel operated upon. 

A few of the more noteworthy features in the construction of the 
bomb calorimeter above described are: That the bomb is nearly spherical 
in form, that it is completely submerged and incorrodible, that, owing 
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to its shape, a minimum amount of water is required to cover it, and 
that the calorimeter chamber is completely protected from outside influ¬ 
ences. Moreover, all operations bcin<r either automatic or under full 
control, the rciidings of the thermometers aie tliorovghUi rdiaUc, Ix'cause 
they arc not altered by influences about which little or nothiiiK can be 
accurately knt>w n, as is too often the case in the use of other calorimeters. 
It is not too much to say for this instrument, therefore, that it is justly 
entitled, on Us merits, to be considen-d fur sujicrior to any other bomb 
calorimeter yet devised, both in convenience of handling iind in accuracy, 
and it is equally well adapted for determining the calorilic value of any 
combustible substance of whatsoever nature, be it a solid, a liquid, a 
gas. or a food. 

The usually accepted unit of hciit, the French calorie, is used in the 
calculations, this lieing the amount of heat required to raise the tem- 
]X‘r<iturc of one kilogram of water one degree Centigrade. French 
calories can be reduced to British thermal units by simple multiplication 
by the factor I.S. 

'I’he values obtained in an accurate bomb calorimeter, which is the 
dosed form of calorimeter, indicate the total or actual heating ))ower of 
the fuel per ])ound or per kilogram, but we must bear in mind that 
the figures so obtained cannot, for a number of reasons, ever be realized 
in practice. We must discriminate, then'fore, between I he actual ctilorific 
power as determined by the bomb and the realizable calorific jiower 
which we should expect to reach in i)racticc. Wit It liquids this difference 
is most important. 

In th(! bomb, on the one hand, practically the whole of the water 
jtrodticed during the combustion, .as well as any water of dilution present 
in the combustible (such as in denatured tdcohol), is changed into stetim 
or va])orizcd and then rc(«ndensi's, .and while doing so gives out its 
latent heat, which is included in the measurement. In practice, on the 
other hiind, w'hen the liquid is burned, this vapor seldom if ever escapes 
at a lower temjterature than 212° F., and the latent heat of vai'orization 
is necessarily lost. As with liquids the heat of vaporization of the water 
is generally a very large quantity, it is preferable to calculate the .amount 
ef latent heat lost during this vaiioriztition into the corrt'sponding numlter 
of calories, which are then deducted from the total calories found by 
calorimeter test. The remaining calories or their equivalent British 
thermal units then represent the avaiM>le heat-power or calorific value 
of the fuel as it is used in practice. 

The Thermal Efficiency of a Fuel.—The thermal efficiency obtained 
from a fuel is the ratio of the heat-units expended in useful work to the 
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original heat-units available in such fuel. If the greatest thermal effi¬ 
ciency is to be secured two essential conditions must be complied with; 

First. In the internal-combustion engine or motor the denatured 
alcohol or other fuel must he completely consumed. 

Second. The temperature of the exhaust-gases must be as low as 
possible. 

This subject will be more fully discussed in Chapter VIII, where the 
use of denatured alcohol for power will be taken"up. 

The Fuel Value of Denatured Alcohol.—A comparison of the 
respective calorific values of commercial (ethyl) alcohol of 95 per cent 
strength by volume and of denatured alcohol of a s()ecificd composition 
is given in the following table. 


Fuel Values of Alcohols, Theoretical and as Obtained 
Tests. (Henry J. Williams.) 

BY CaLORIMETEB 

Fuel. 

A/ailttblc B.T U. per Pound. All Water 

1 Vaporized from and at 212^ Fabr. 


Tlneory 

By Calorimeter. 


10,769 

10,,551 

1 

10,.504 

10,355 




Commercial alcohol bought for 95 per cent ethyl alcohol by volume 
proved to be only 94.5 per cent alcohol by volume, which, by Smithsonian 
tables, for a specific gravity of 0.8180 at 15°.5 C., corresponds to only 
91.5 per cent absolute alcohol by weight. The theoretical calorific value 
of this commercial alcohol was calculated as follows. 


* As the U. S. regulations for denatured alcohol liad not been issued at the 
date of this writing, the composition of the denatured alcohol here mentioned 
had to be arbitrarily decided upon. It was made pp as follows: 


100 liters commercial ethyl alcohol. 95% (Druggists’) 

10 " commercial wood alcohol. 95% 

} lilcr pure pyridine (E. Merck & Co.’s) 

Corresponding to a percentage composition by weight of— 

90.40% commercial ethyl alcohol. 95% 

9.04% commercial wood alcohol. 95% 

0.50% pure pyridine ' (E. Merck & Co.’s) 


The specific gravity of this denatured alcohol was 0.8192 at 60° F. 

I Pure pyridine was used because the commercial pyridine, such as is used abroad, was not 
vailabls. 
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Composition on the Basis 
of 1 Gram. 


Carbon. 0.4776 

Hydrogen. 0.071)6, which by combustion forms water, 0.7164 gm. 

Water. 0.3578 


0.9150 

Water of dilution.0.0H50 


1.0000 


We therefore have: 


Carbon. 0.4776 gm. X SOSO'-SSSO'.O 

Hydrogen. 0.0796gm. X 34500'=274C‘-.2 


6605'.2 calories obtained by 
combustiou. 


622.5 


5982'.7xl.8-10,769 B.T.U. 

Iicr pound. 

The theoretical calorific values of denatured alcohol of the composition 
git cii above are obtained by an entirely similar though more complex 
calculation. 

Commercial wood alcohol is of very variable as well as uncertain 
composition. It invariably contains large quantities of acetone as well 
as other impurities which greatly affect its heating value. Unless the 
quantity of all of these is known the theoretical calculation can only be 
of casual interest. 

Analysis showed that the commercial wood alcohol ased had prac¬ 
tically the following composition; 

Methyl alcohol. 77 per cent by weight 

Acetone. 15 “ “ “ “ 

Water. 8 “ “ “ “ 

100 

and that the theoretical calorific power of absolute methyl alcohol is, 
by calculation, found to be 8248 B.T.U. per lb., while that of acetone is 
12,407. We therefore have: 


From which wc must deduct thi calorics required 
to vaporize all the water present in the form of 
steam. 

Total water—1.1592 gms. X537' 












THE FUEL VALUE OF ALCOHOL. 347 

0.77 X 8248 -63.51 B.T.U. 

0.15X12407 -1861 “ 

8212 “ 

Les8 0.08 X 537X1.8 = 77 “ 

8135 B.T.U. per lb. —theoretical calorific power of commer¬ 
cial wood alcohol. 

The theoretical calorific power of pure pyridine being 14,424 B.T.U. 
per lb., we should have for denatured alcohol of the above composition: 

• Ethyl alcohol, 90 40% X10769 = 9735 B.T.U. 

Wood alcohol, 9 04% X 8135= 735 “ 

Pyridine, 0.56%X14424= 81 " 

— 10.551 B.T.U. peril), —theoretical calorific power of 
the denatured alcohol 
«|)ccificd. 

From what ha.s preceded and from thcoridical calculations it would 
appear that the low fuel value of denatured alcohol, as compared with 
gasoline, kcro.scne, and fuel oil, W('rc unfavorable to alcohol. On this 
phase of the subject attention is called to a table of M. Henri Uupays, in 
the JiiHjinccritKj Magazine of February, 1904, where the following values 
for different combu.stiblos, obtained in a Mahler calorimeter, are given: 

Substance. Calorific Power. 


* Denaturo'l alcohol. 5,1K)6 calories per kilo (10,631} B.T.U. per lb.) 


t 50% carbureted alcoliol. 

. 7,878 

“ “ (14,180 “ 

“ “) 

Light petroleiihi essence (mean). - • 

. U),.500 " 

“ “ (18,900 “ 

ii n ^ 

American crude oil. 

. 10,913 “ 

“ “ (19,643 “ 

fC it ^ 

American refined iietrolcum. 

. 11,047 “ 

“ " (19,884 

“ “) 


And M. Dnonys remarks: “These figures certainly do not appear favor¬ 
able for alcohol. On the other hand, we must remember that, owing to 
the kivver heat generated by the combustion of alcohol, a motor using 


♦This denatured alcohol was made up a.s follows; 

100 liters pure ethyl alcohol (probably commercial 95% alcohol) 

„, 1 , V , . ■ • 1 20% acetone 

10 Lters methyl alcohol containing ^ ^ ^ 

t Carbureted alcohol is denatured alcohol to which a hydrpearbon has been 
added in varying proportions. 

t It should be noted in the above table that no mention is made of what be¬ 
comes of the water-vapor resulting from the combustion, whether it is condensed 
or remains in the form of vapor. As shown (p. 248), this might affect the results 
over 1100 B.T.U. or even more, and it should be stated, as these results seem to 
be much higher than wc should expect. 
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that fuel will run more smoothly than if one of the other substances has 
been employed. Further, a kilogram of alcohol requires less air for 
complete combustion than docs a kilogram of mineral oil (petroleum): 
according to Ringclmann, 1804, 1.4, and according to Sorcl, 1.3 to 1.5, 
the theoretical amount. This decrea.ses the heat losses in the exhaust- 
gases (of motors, engines, etc.) and gives a higher thermal elficiency.” 

In the theoretical calculation for denatured alcohol it may be of 
interest to note that the quantity of heat required to drive out, in the 
form of steam, all the water fonncd during the combustion of the various 
components is a very large quantity. 

The .summarized loss of latent heat not available for doing work Ls 
shown by the following calculation to be for the denatunid alcohol 
(pp. 245-247): 

!)0.407o of ('22'..'> for otliyl alcoliol -r)02'.7 

9.04% of i)83'.2 for cotiiinereiiil wood alcohol - .ty.T 
0.56% of 305'.9 lor i)orc pyridine 1'.7 

OlT'.l 

617.1X1.8 = 1111 B.T.U. to vaporize all the water fonnod. 


Calculations of the Volume of Air Necessary for Complete Com¬ 
bustion of Alcohol, Gasoline, Kerosene, and Crude Petroleum.— 

We may assume for the purposes of this discussion that these bodies have 
the chemical compo.sition indicated by the formula; given btdow: 


Ethyl alcohol. CzHsOH 

Methyl alcohol. ClInOH 

Gasoline (hexane). G(illi 4 

Kerosene (decane). CiflH 22 

Crude petroleum. C 11 H 24 


This latter is variable in composition. In general it contains about 
85 per cent carbon and 15 per cent of hydrogen by weight, but its ele¬ 
mentary composition gives no idea of the variety of hydrocarbons con¬ 
tained in it. 

If we show the complete combustion of these different fuels by means 
of chemical equations the results will be indicated as follows; 


Ethyl Alcohol 

Oxysea 

Carbon Dioxide 

Water 

C2H5OH -h 

3O2 

= 2CO2 "f* 

3H2O 

46 

96 

88 

54 
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By this equation we see that 96 parts of oxygen by weight are neces¬ 
sary for the complete combustion of 46 parts, by weight, of ethyl alcohol, 
and by this combustion there arc produced 88 parts, by weight, of carbon 
dioxide and 54 parts, by weight, of \vatcr. 

As the atmosphere consists of 20.9 pt^r cent by volume and 23.1 per^ 

96 V100 

cent by weight of oxygen, it is seen that from —— wo find 415 parts, 

by weight, of air are necessary for the complete combustion of 46 parts, 
by weight, of absolute ethyl al(«)hol. 

Hence we find that one (1) part of absolute ethyl alcohol by weight 
415 

requires —, or about nine (9) parts of air by weight, for its complete 
or perfect combustion. 


Methyl Alcohol Oyx^en 

2CH3OH + 3O2 

01 96 


Carbon Dioxide Water 

2(.’02 + 4H2O , 

88 72 


From this equation we find that 64 parts, by weight, of absolute 
methyl alcohol require 96 parts, by weight, of oxygen for its perfect 
combust ion, or one (1) part of ab.solute methyl alcohol, by weight, re¬ 
quires six and one half (6.5) parts of air by weight. 


GaHolme Oxygeii Carbon Dioxide Water 

2(VHu + 1902 = I 2 CO 2 + I 4 H 2 O. 

172 608 528 252 


In this ea,sc 172 parts, by weight, of ga.solinc need 608 parts, by 
weigiit, of oxygen for perfect combustion, or 172 jiarts, by weight, of 

gasoline require — 2632 parts, by weight, of air and 1 part, by 

. ■ ‘’63'’ 

weight, of gasoline requires or 15.3 parts, by weight, of air. 

Kerosene Oxygen Carbon Dioxide Water 

2 CinH 22 + 3IO2 = 2OCO2 + 22H2O. 

284 992 880 396 

Hence in the case of kerosene we find that one (1) part by weight 
requires about fifteen and one tenth (15.1) parts of air by weight for 
perfect combustion. 

Crude Petroleum Oxygen Carbon Dioxide Water 

C 11 H 24 + I 7 O 2 = IICO 2 -I- I 2 H 2 O. 

156 544 484 216 
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By theory also we sec that one (1) jairt of crude j'.etroleum l)y weight 
needs about, fifteen and one tenth () 5 . 1 ) ])arts of air by weight for eom- 
plefc combustion. 

To find the number of cubic feet of vfipor from a given weight of any 
of these liquid bids. 

Find first the vapor density, that is, the specific gravity of the sub¬ 
stance in tlic state of vapor referred to lyvdrogen as a unit. 

Jt is a well-known chemical fact that the vapor density is one half 
the molecular weiglit. 

llultiplying tlic vapor density by tlic weight of an equal volume of 
hyilrogen, as for example a liter or a cubic foot, we find the weight of 
a liter or a cubic foot of the vajjor. In the case of ethyl alcohol, C 2 H 5 OII, 
the molecular weight is 2X12+54-16 + 1=40, the vajior density conse¬ 
quently is 23. The weight of a cubic foot of hydrogen is 2 ..54 gms., 
that of alcohol vapor 2,54X23=58.36 gms. considered as a vapor under 
standard conditions; that is, at zero degrees of the Centigrade scale and 
760 mm. barometric pressure. 

Hence in the case of 1 cubic foot of absolute liquid ethyl alcohol we 
find the numlier of cubic feet of vajior it will produce, by theory, as 
follows: 

One (I) cubic foot aUsolutc ethyl .alcohol will weigh 49.61 lbs. One 
(1) pound avoirdupois=453.6gms. Therefore 49.61 lbs.X4,53.6 =22,.503 
gms., which is the weight of 1 cubic foot of absolute ctbyl alcohol. 

22,.5I)3 divided by 58,36 = 388 cubic feet of absolute ethyl alcohol 
vajior (considered as a vapor at 0° ('. and 760 mm. barometric pressure) 
from 1 cubic foot of absolute liipiid ethyl alcohol. 

As the. above calculation is made for alcohol vapor at a tenqieraturc 
of 0° (’. and 760 mm. barometric pressure, it is necessary to correct it to 
the boiling temperature of absolute ethyl alcohol, 78.4° C. (for the pur¬ 
poses of this discussion, as the alcohol will be vaporized in the internal- 
combustion engine), which correction is effected by the well-known 
formula 

F:F':;273:273+78.4 or 388: F': :273:351.4=499. 

Hence one cubic foot of liquid absolute ethyl alcohol will furnish 499 
cubic feet of vapor at the boiling-jioint of absolute ethyl alcohol, 7S°.4 C. 
As from the preceding equation one part of absolute ethyl alcohol by 
weight reipiires nine (9) parts of air by weight for complete combustion, 
we find that one cubic foot or 49.61 lbs. of absolute ethyl alcohol require 
49.61X9 or 446 lbs. of air for complete combustion; hence 499 cubic feet 
of vapor of absolute ethyl alcohol require 7113 cubic feet of air (from 
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446-^-0.0627, the weight in pounds avoirdupois of one cubic foot of air 
at 78.4° (!.) for complete combustion, or 7113-7-499 =about 14.25 cubic 
feet of air to 1 cubic foot of absolute alcohol vapor, for complete com¬ 
bustion, at the temperature of lx)iling alcohol, or 78.4° C. A graphic 
representation of the volume of oxygen needed to secure perfect com¬ 
bustion of a given volume of either of these fuels is shown by the follow¬ 
ing equations: 


Ethyl Alcohol 


Oxygen 

Carbon Dioxide 


Water 

1 

C,1I,0 II 

1 

+3 

1 

0 , 

_1_ 

= 2 

1 

CO. 

_ 1 _ 

+ 3 

1 

H.O 

_ [ _ 


This equation .shows in the case of ethyl alcohol that one volume of 
alcohol vapor requires three volumes of oxygen, or about fourteen and 
three tenth volumes of air for i)erfect combustion, while there are pro¬ 
duced two volumes of carbon dioxide and three volumes of water in the 
form of .steam. 

In I ho same way we may represent the volumes of oxygon required 
in the case of these other fuels, and from this figure multiplied by 4.78 
we obtain the volmne of air requisite for perfect combustion in each 
ca.se. 'I'he.se different cases are shown as follows: 


Methyl Ah-ohol Oxygen Catbon Dioxitle Water 


1 

C ilfi 11 

1 

+ 3 

-T— 

0, 

_1_ 

= 2 

1 

CO, 

1 

+4^ 

1 

II.,0 

1 


Showing that one volume of methyl alcohol-vajwr requires one and one 
halt (1.5) volumes of oxygen, or alwut seven and two tenth (7.2) 
volumes of air, for complete combustion. 


Gasolioe 


Oxygen 

Carbon Dioxide 


Water 

- 1 - 

C.H,. 

_1_ 

-1-19 

1 

0. 

_1_ 

= 12 

1 

CO, 

1 _ 

-fl4 

1 

H.O 

1 


From which graphic representation we find that one (1) volume of gaso¬ 
line-vapor requires nine and one half (9.5) volumes of oxygen, or forty- 
five and four tenths (45.4) volumes of air, for its complete combustion. 
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Kerosene 


Oxygen 


Carbon Dioxide 

Water 

— 1 — 

C,„14 

__J_ 

4*31 

1 

0 „ 

1 

=20 

1 

CO, 

_1_ 

-1-22 

1 

11,0 

1 


By wliich equation it is seen that one (1) volume of kerosene vapor 
re(iuires fifteen and one half (15.5) volumes of oxygen, or seventy-four 
(74) volumes of air, for its fx^rfeet combustion. 


Crude Petroleum Oxygen Carbon Dioxide Water 


1 

_ 1 _ 

4-17 

1 -: 

0, 

1 

= 11 

1 

CO, 

_1_ 

4-12 

I 

1\,0 

1 


Using this graphic representation we find from this equation that one 
volume of crude petroleum-vafjor requires seventeen volumes of oxygen, 
or about eighty-one and three tenth (81.3) volumes of air, for its jxTfect 
combustion. 

The U. S. regulations prescribe the following formula for completely 
denatured alcohol (see Appendix, this book, p. 385): 


100 parts, by volume, of ethyl alcohol (not le.s.s than 180° proof). 

10 “ “ “ a))proved methyl alcohol. 

J part “ “ “ petroleum, or coal-tar benzine. 

(For copy U. S. Specifications, see Circular No. 680, Chapter IX, pp, 
352-354, this book.) 


* For example, using gallons in the above formula we have a mixture 
containing in 100 gallons approximately 90t of ethyl alcohol, 9 of methyl 
alcohol, and i of benzine. This corresponds to 81.45 gallons absolute 
ethyl alcohol X 6.61 lbs. =^538.38 lbs. alcohol. The 9 gallons approved 
methyl alcoholX6.916 lbs. = 62.24 lbs. 

As 1(K) c.c. .such approved methyl alcohol must contain an average 
of 20 gnams of acetone and other substances estimated as acetone, the 


per cent of these substances estimated as acetone will be 


20X100 

S3 


= 24.08 


jier cent by weight. Therefore the 9 gallons of approved methyl alcohol 
consist, a| 2 proximately, of 62.24—14.98=47.26 lbs. of ap[)roved m<!thyl 


* While (his calculation is based on a theoretical assumption of the precise quan¬ 
tities of the various substances composing eompletely denatured alcohol of 180° 
proof, or 90 per cent by volume in strength, it is believed that it will be substantially 
true in i)ractico. 
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alcohol of 85.66 per cent by weight = 40.48 lbs. absolute methyl alcohol 

and 14.98 lbs. of acetone. The half-gallon of petroleum benzine will 

. , 0.800X8.33 lbs. o o.,‘ n,, . . . 

weigh --= 3.33 lbs. 1 he complete combustion of acetone 

is shown by theory from the equation 


Acetone Oxygen Carbon Dioxide Water 

C:,HoO -1- 40o = SUOa + 3 H 2 O. 

5S 128 132 54 


From this equation it is seen that one part of acetone by weight requires 

2.2 parts of oxygen, and therefore -- ''y - ^ =9.52 jiarts of air by weight 

f('r its complete combustion. This equation also shows that the com¬ 
plete coiiibustion of one part of acetone by weight produces 2.27 parts, by 
weight, of carbon dioxide. Hence in 100 gallons of this completely dena¬ 
tured alcohol we have 538.38-1-40.48-H4.9S-f3.33 = 597.17,or 597 lbs.in 
round numbers of combustible matter or fuel, requiring from the preced¬ 
ing equations 53t»2 lbs. of air for complete combustion, a.s follows; 

Absolute cl by 1 alooliol. 538 38 X 9 =4845.42 lbs. of air 

Absolute methyl alcohol. 40 4HX 0.5 = 203 12 “ " “ 

Acetone. 14 9KX 9..52= 142 01 “ " “ 

Pclroleuiii benzine (taken as gasoline). 3.33X1.5.3 = .50 95 “ “ “ 


100 gallons, or 094 lbs., of completely denatured alcohol rciiuirc 5302.10 lbs. of air 
Or 1 11). n piircs 7.04 lbs. of air. or 1.704 lbs. of oxygen. 


The cariton dioxide produced from the complete combustion, by 
theory, of the 100 gtillons of completely denatured alcohol mentioned is 
fotmd fiom the preceding chemical equations, as follows; 

Absolute ohyl alcohol. ,538 38 lbs.x 1.91 =1028.31 lbs, carbon dioxide 

Absolute methyl alcohol. 40,48 “ Xl.37= .55 40 “ “ “ 

Acetone. 14.98 “ X2.27= 34.00 “ “ “ 

Petroleum benzine (taken as gas¬ 
oline). 3.33 " X3.00= 10 19 “ “ “ 


100 gals., or 094 lbs., of completely denatured alcohol = 1127 96 “ “ “ 

Hence 1 lb. of such completely denatured alcohol produces 1,625 Ibe. c.arbon 

dioxide when complete combustion occurs. 

In case the coal-tar Itenzine, which can also bo used, is employed as 
one of the denaturants by the U. S. regulations as an alternative to the 
petroleum bcnziiic, the quantity of air required for the complete combus¬ 
tion by theory of half a gallon of it in the above example is very close 
to that required for the petroleum benzine. This Ls because the former, 
boiling between 1.50° C. and 200° C. consists largely of commercial toulene 
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and xylene, with possibly some naphthalene dissolved and some slight 
sulphur impurity. Calculations based on the assumption that sueh ben¬ 
zine consisted largely of toluene and xylene give the following results 
by theory for complete combustion expressed in the form of chemical 
equations: 


Toluene 

(’vHs 

92 

-1- 

Oxygen 

902 

288 

Carbon Dioxide 

= 7tX)2 

308 

+ 

■Water 

41100, 

72 

Xylene 

2G,H,o 

212 

+ 

Oxygen 

2 IO 2 

672 

Carbon Dioxide 

= KiOOa 

704 

+ 

Water 

lOlloO, 

180 


from which it is seen that one part by weight of toluene requires 3.13 
parts of oxygen, or 13.54 parts of air by weiglit, and one jiart by weight 
of xyleiK're(]uires 3.17 parts of oxygem, or 13.72 parts of air by weight, 
by theory, for complete combustion. Hence in the calculation for the 
comi)lete coitibu.stion of the completely denatured alcohol above, the coal- 
tar benzine is quite close to the [)etroleum bcuizinc and is practically the 
sanie. 

Noth. —On December 10, 1900, since Ibe above was written, an amendment to 
the IJ. S. regulations by Circular No. OSO was issued, permitting tlu* use of methyl 
alcohol anti pyridine bases, as denaturants, by (lie follow ng formula: 

“'j'o every 100 parts by volume of ethyl alcohol of the desired ])roof (not less 
than 180^) th<*re shall be added two parts by volume of ap|>r()ved methyl alcohol 
and on(‘ h/ilf of one part by volume of approved pyridine ]>ases—for examph*, to 
every 100 gallons of ethyl alcohol {of not less than ISO® proof) there shall 1)0 added 
tw’o gallons of approved .methyl alcohol and one half gallon of aj)proved pyridin 
basfs.” 

Circular No. G80 is given in full in Cliaptcr iX and also in the U. S. regula¬ 
tions in the Appendix of this book. 

The thioretical B.T.l'. in one pound of such completely denatured alcohol of 
180'^ proof, mentioned in Circular No. 086, calculated fmm the jireceding e«juations, 
is about 10,(K)(I. 

For purposes of illiunination, the ratio of the vitiation of the atmosphere hy 
this eomi)let('ly denatured alcohol of Circular No. 686 corresponds substantially to 
that given for the U. S. formula just descril>ed. 

* Neither coal-tar benzol nor ergin, the latter also a coal-tar product, 
have been used in the United States for internal-combustion engines, 
their cost being prohibitive for such purpose. 

In (ierinany ergin, which is much preferred to benzol, is consid¬ 
ered safer, and is cheaper than benzol. 


* Statement furnished by The Otto Gas Engine Works of Pliiladelphia, Pa. 
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Ergin has a speeific gravity of 0.90, flashes at 95° F., and its boiling- 
point is above 212° F. In internal-combustion engines it can be used 
very much like alcohol, in that it will stand a very high compression, up 
to 190 lbs. per square inch. 

Ratio of Prices of these Various Fuels.—In comparing the ratio of 
the prices of these various fuels, it may be stated that the following table 
probably repre.scnts the average price, the highest-priced being given 
first; 

1. Benzol, 

2. Ergin, 

3. Demitured alcohol, 

4. (lasoline. 

The choice of a fuel is not wholly dependent upon the price, as in 
case of denatured alcohol it will be shown that it is safe, hygienic, and 
that any one can use it; while in the case of these other fuels mentioned 
the e.\haust-gases from the engine or motor arc apt to be detrimental 
to health, and in case of fire at sea or on the land water will not help 
to put it out. As gasoline, kerosene, and crude petroleum do not mix 
with uater, a fire will merely spread, as these fuels will float and burn 
on water. In the ease of denatured alcohol, however, as it will easily 
mix with water, any fire whicli might accidentally occur is therfeore 
readily '‘xtinguished. 

Denatured alcohol when burned fouls the atmosphere much less than 
any of these other liquid fuels we have mentioned. 

The exhaust-gases from an alcohol-engine or motor are cooler and 
not detrimental to health, as is very apt to be the case with gasoline and 
other livdrocarlion fuels. 

The ratio of air necessary for the complete combustion of all the 
alxive fuels .should be .somewhat c.xceeded in practice over the above 
theoretical calculatioirs, in order to be sure the fuel is burned as com¬ 
pletely as the conditions will admit. 

The more imperfect the combustion the more wasteful is the per¬ 
formance of the engine or motor, and the liability of deposits of soot 
(blackening) in the cylindei is greatly increased if the amount of air 
introduced is not enough in the case of fuels other than alcohol. 
With denatured alcohol an insufficient amount of air entails a great loss 
of mechanical efficiency in the engine or motor, and liability to formation 


* Fuel oil. while oftentimes erode petroleum, is usually a residue from which 
the lighter portions have been separated. 


5. Kerosene, 

6. Fueloil,* 

7. Crude jx-troleum. 
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of products, through incomplete combustion, which may corrode (rust) 
the cylinder and c.xhaust-valves. 

In Germany this latter condition has not been seriously encountered. 
In France, where the law requires wood alcohol to be present in much 
larger amount in the denatured alcohol, some complaints liave arisen 
from this Source. 

In order to deduce some practical results from the preceding equa¬ 
tions a table is here given showing the volume of air by theory required 
for complete combustion of given amounts of various fuels, with 
exception of benzol and orgin, whose liigh cost compared to the other 
fuels precludes their use. 


Table Showing Volume or Am, bv Theory, Required for Complete 
Combustion of (Jiven Amounts of Fuels. 


! 

Kiud of Fuel. i 

i 

1 

Uatio of 
Air lo 
Fuel by 
Weiglit. 

Air 

Itefiutred 
; PPr 

! Fuiitid of 
I-’iiel 

' Cu. Ft. 

Air 

R(H]Uirod { 
per U 8. j 
Clallon uf 1 
Fuel 1 
Cu Ft. 

Air 

RMluircd 
per Cubic 
Fixtt of 
Fuel 

Cu Ft. 

* U. S, completely denatured alcoliol, | 
180’ proof. ! 

7 64 

06.87 

i 

cm 

5,193 

72' gasoline. | 

1.5 3 

200 0 

1,1.56 

8,572 

J3.j F.. fire-test kerosene. 1 

15 1 

197.4 

1,203 

9,684 

t Fuel oil.. 

15 4 

201 3 

1,389 

10,409 

Crude petroleum, average Penna. j 

15 4 

201 3 

1,389 

10,409 


• See page 2.)3. 

t Fuel oil iM taken as* of the pame elementary compusition as crude petroleum or 85 per cent 
of carbon and 15 per cent of hydrogen by weight. 


For specific gravities and weight.s used in calculating above table 
see table, p. 258. 

From the alxive table the markedly k'ss amount of air required for 
the complete combustion of the denatured alcohol, compared to other 
usual liquid fuels, is readily apparent. Even absolute ethyl alcohol 
only requires about 117.6 cubic feet per jiound for complete or perfect 
combustion. This feature is a decided advantage in case of denatured 
alcohol. 

It will also be of interest to compare acetylene gas with these other 
fuel substances, and for this purpo.se it is thus mentioned in the next 
section of this chapter. 

Ratio of Vitiation of the Atmosphere by Combustion of these 
Fuels.—As the use of acetylene gas generated for small capacities for 
lighting purposes from calcium carbide b attaining quite a degree of 
importance for some special uses, it is interesting to ascertain the ratio 
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of air by weight necessary for the complete combustion of acetylene gas. 
This is found from the equation 

Acetylene Gae Oxygen Carbon Dioxide Water 

2C2II2 + SOo = 4GO2 + 2H2O, 

52 160 176 36 


from which we find that 3 parts, by weight, of oxygen, or about 13 parts, 
by weight, of air are required for the jK-rfeet combustion of one part, by 
weight, of acetylene gas. In such eombuslion there are produced from 
one part, by weight, of acetylene gas about 3.38 parts, by weight, of car¬ 
bon dioxide. 

In order to show the weight of oxygen required, and the weight of 
carbon dioxide formed, for the combustion of the same weight of each 
of these fucLs the following table is givc'ii. 

In this table the ratio of vitiation of the atmosphere given is deduced 
from the weight of carbon dioxide produced, in each case, from the same 
weight of each fuel. 


Taulk Showing Weigiit of Oxygen RF.CiDiuEn and Weight of Caubon Dioxide 

riiODOCEI) BY THE PeIIFECT COMBUSTION OF EaCU OF THE FuEES NaMED AND 

TBF. R.vtio of Vitiation of the Atmosbhere. 


Kinds of Fuel. 


Denatured alcohol 1S0° proof 

72' gasoline. 

135” F., fire-test kerosene ... 

Fuel oil 1. 

Crude (H'trolcuni. 

Acetylene ga-s. 

Coal gas. 


l*ound5> uf 
O-vygen for 
One Ptmnd of 
Fuel. 

Pounds of 
('aibon 
Dioxide 
Produceil per 
Pound of Fuel. 

llatio of 
Vitiation of the 
Atmosphere. 

1 764 

1,6?5 

100 

3 53 

3 070 

188 

3 4!) 

3 008 

190 

3 4S7 

3 102 

191 

3 4.S7 

3.102 

191 

3 076 

3 38 

208 

2 703 

2.18 

134 


iVoie.—One pound of acetylene gas = 13.74 cubic feet. 

Hpccilic gravity = 0 tK) (relcrred to air). 

One pound of coal gaa =31 0 cubic feet. 

Specific gravity = 0 40 (referred to air). 

• See page 

t Fuel oil IS taken as of the same elementary composition as crude petroleum or CnIIvi. 


In the above table the weight of carbon dioxide produced from one 
pound of denatured alcohol 180° U. S. proof is taken as unity, or 100, 
and it is the lowest of these fuels in ratio of vitiation of the atmosphere. 

The denatured alcohol therefore fouls the atmosphere much less 
than these other fuels when burned in lamps, stoves, or used in explosive 
types of engines. This fact is of marked advantage in the case of alcohol. 
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The following table of comparison of these fuels is given as being of 
convenience in matters of reference. 


Table Showing the Spbcific (Jkavity, Deokees Beaume, Fla-shing-point, and 
Weight pek U. S. Gallon and Oiiiiig Foot or Cehtain Fiiei.s, 


Kiml of Fuel. 

Specific 

Gravity. 

Deftrees 

Beaume 

]''la.shiTig- 
point, 
Degrees F. 

Pounds 
in (Mie 
Gallon, 

V S 
Stand 

I’ouiids 
in One 
Cubic 
Foot. 

Ethyl alcohol 90 per cent, or 180^ 
U. S. proof. 

0 3339 

38 

,58.1 

0.95 

52 

Ethyl ulctihol 94 per cent, or ISS*^ 
U. S. proof. 

0.8200 

41 

about 01 

0.81 

• 

51.20 

Ethyl alcoliol 95 per cent, or 190® 
V. S, j)ioof. 

0 8101 

42 

01 7 

0 80 

50.95 

Ethyl alcoliol, ahsolute or 200’ 1-. S. 
proof. 

0 7938 

40 

SI 

0 C.l 

49.01 

* Gasoline 70'' IJeaumc. 

0 078 

70 

below 32 

5 05 

42 32 

* Gasoline 72® Beauim'. 

0 0930 

72 

“ 32 

5 78 

42 80 

* Kerosene 13.')' F.. fire test. 

0 7S6 

48 

125 

tl 55 

49 00 

* Kerosene 150’ F.. fire test. 

0.788 

48 

134 

(i ,57 

49.19 

Fuel oil. 

0.8284 

39 

140 

0 90 

51 71 

Crude petroleum, average Penna .... 

O.SlOO 

43 

70 

0 75 

,50 50 

Ergin. 

0.900 

2,5..') 

95 

7.,50 

5G 18 


• From Gill's Oil Analysis, and Gill ami Ilcalev, Tech Quar , Vol XV, j) 74 


For practical fuel purposes the specific gravity and strength of methyl 
alcohol may be taken as the same as the (ethyl) alcohol in the above 
table. 

For convenience of reference the following table shows the calorific 
value of the asual liquid fuels. 


Table .Showing the Calorific Value op the Usual Liquid Fuels. 


Kind of Fuel. • 

B.T TT. 
per Pound. 

B T V. 
per Gallon. 

BTU. 
per t’u. J’oot. 

Denatured alcohol, specific gravity 0,8192... 

10,355 

70,621 

,529,451 

1 72 ‘ gasoline. 

18,900 

18,.520 

109,242 

810,0,54 

135' kerosene. 

121,306 

908,.591 

Fuel oil. 

19,000 

131,100 

982,490 

t Crude American petroleum. 

i Refined American petroleum. 

19,630 

19,880 

132,502 

992,492 

Coal gas. 

Pure benzol (by theory). 

} Carbureted alcohol from— 

50% petrol \ 

50% French methylated spirits J 

19,375 

18,031 

14,200 


625 


• See pace 24.'>. 

tOilI and Healey, Tech. Quar. Vol. W, p. 74. 1902. 
i Bull. Aflfloc. Chem. Boc.; Journ. 8. 1. C., Vol. XXIV, p. 1218. 
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The Beaum6 Hydrometer referred to is shown- in the subjoined Fig. 
110. In this cut is also shown the Hydrometer-jar (Fig. Ill), which is 
filled with the liquid to be tested, and the hydrometer immersed therein. 

I The proper precautions as to temperature having been 
taken, the degree in strength, in terms of the Beaumc 
scale, are at once read from the scale of the hydrom¬ 
eter. This hydrometer-jar happens to be shown in a 
reduced size as compared with the hydrometer proper. 
The actual jar is, of course, of sufficient height to allow the 
hydrometer to sink its length in the liquid so as to fully 
include the use of the whole scale. 



The table given on p. 260 is of convenience for convert¬ 
ing scale of Beaum6 degrees lighter than water into specific 
gravity and vice versa for experiments and work in practice. 
t»^'Alcohol Heating and Cooking Apparatus and Stoves.— 
The alcohol self-heating flat-iron is shown in Fig. 112. 
This is heated by converting the alcohol into a gas and 
burning the vapor thus formed. It makes a very con¬ 
venient heat-a voiding implement for use in summer-time. 



Fig 110—Beaumd Fio. 111.—Hydrometer- Flo. 112.—Foreign Alcohol Self- 
Hydrometer. jar, Lit) Form. heating Flat-iron. 


In Fig. 113, p. 200, is shown a foreign type of alcohol cooking- 
stove, the advantages of which are common to all alcohol stoves. 
These advantages can be stated to be freedom from smoke, soot, ashes, 
and dirt. 
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* Table Showinq Relation of Beaume Deghees.to Specific Gbavitt and the ^ 
Weight of One United States Gallon at 60“ F. 
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* From Giir» Oil Aualysis. 


The examples of French alcohol heating apparatus shown in the 
cuts below are used in a similar manner to those already described. 



An exceedingly useful burner Ls provided for lalioratory purposes by 
the Bunsen alcohol burner shown in Fig. 116. 

The alcohol heating-stove shown in Fig. 117, p. 262, is a very satisfac¬ 
tory source of heat for laboratory and other purposes. It will be noticed 









Fio. 116.—Alcohol Bunacn Burner for Ijiborsitory. 


»is a very clever contrivance. Its principles of construction and method 
of burning the alcohol are similar to other stoves of this character. 
Another form of foreign alcohol cooking-stove is shown in Fig. 118, 
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Fio, 117.—Alcohol Heiitirig-stovc, Adjustahlc. W liitall, TaUun & Co., 
New York City. 




B’lo. 118.—The upper cut shows the Barfhel Alcohol Cooking- or Heating-stove 
with two burners. The lower cut shows section of the burner. Made by 
G. Barthel. 
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p. 262. This stove has two burners, the alcohol-reservoir being shown 
at the top. 

The details of the burner are shown in the longitudinal vertical sec¬ 
tion f)f the drawing at the lower part of Fig. ILS. It is claimed this 
stove does very satisfaclory work with sj)irit of 90 p(‘r cent strength 
or 180° TJ. 8. proof, although O,") jK-r cent strength or 190° U. S. proof 
is also recommended. To light the stove a little alcohol is flowed into 
the ignitiiig-chaniu‘1 just beneath the burner. The alcohol-valve is then 
closed and the .sjhrit ignited with a match. Hcfore the flame dies out 
the alcohol-valve is opened again and the si)irit-gas flame is developed. 
The alcohol-valve i.s only opened two complete revolutions for this purpose, 
as a complete .suj)ply is thus obtained. 

The height of the flame Is adjusted by means of the alcohol supply- 
valve. When this valve is closed the flame is extinguished. The burner 
can be used for several hundred hours, after which it should be cleaned, 
or a new burner can be inserted .‘is desired. 

In the accompanying figure, 119._ an alcohol lalvtratory burner is 
shown which burns half a jiint of alcohol in 90 minutes with full flame. Tlic 
flame-tube is 18 mm. in diameter (about 
0.7 inch), end is claimed to melt a 3-mm. 
copper wire in IJ minutes. The flame is 7 
inches in height, and a heat equal to from 
two to three ordinary llunsen burners is 
claimed to be produced by this burner. 

The supply of air and height of flame 
may be regulated by the movable valve 
in the burmT-tube. If the ojx'ning in the 
biimor-tube becomi's clogged, clean it 
with the nectllcs furnished with the lamp; 
never use a pin. It is most important not 
to enlarge this opening. In using this 
burner the basin must first be filled with 
spirit. The suction-wick in this lamp 
merely brings the alcohol by capillary 
attraction to the vaporizing-chamber or 

tube, where it is burned as a gas. The flame is perfectly blue and smoke¬ 
less, and when the burner is not in use there is no loss of spirit by 
evaporation. 

A soldering and paint-removing lamp or torch is shown in the illus¬ 
tration, Fig. 120, p. 264. It will be noticed that this lamp has no pump, 
as is the case with gasoline. It is therefore much simpler to operate and 
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equally satisfactory in its results. To start this torch, all that is neces¬ 
sary is to light a little alcohol in the igniting-dish, shown at the left of 
the cut, when the alcohol very quickly begins to vaporize and the gas is 
ignited at the mouth of the torch. The suction-wick shown in Fig. 121, 
supplies the alcohol to this vaporizing-tulx'. The vapors then i.ssue from 
the nozzle inside the blowpipe and are ignited. The nozzk' is shown in 




Fi(i. 1^1. 



Fin. 122. 


Fig. 120. Alcohi)! Toivli for Soldering and Faint-renioving. 

Fig. 121. Suction-wick for Tori'll. Fig. 122. Lamp-nozzle for Torch. 


Fig. 122. In renewing the wick the brass plate of the wick must he 
placed above, toward the blowpipe, the wick being pushed right up to 
the end of the wick-tube. The brass cup, which fits on the container, 
holds the correct charge for the lamp.- After emptying this into the 
container of the lamp, the cap is screwed down tightly. Tlic measur¬ 
ing-cup when inverted serves to ignite the lamp, as shown above. 

In the Alcohol Bunsen Burner shown in Figs. 123 and 124 the flame 
is regulated by the controlling screw, but the flame should never be 
smaller than 1^ inches. After continued use the wire gauze, which should 
always rest on the four spikes inside the tube, must be renewed. For a 
stronger flame a wider-mesh gauze should be taken. The passages in 



urner 
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the handle II and (he )x)dy M, and occasionally the nozzle of the burner 
1) and valve C, v>ill become clogged in the course of from 500 to 1000 
hours’ ase. The pricker is then used to restore the size of the flame. 
Only iron-wire gauze is recommended when h(>ating vessels, as, on 
account of the heat of this burner, brass will fuse. In Tig. 12.1 the 
alcohol-reservoir, the flexible tube for .supplying alcohol to the burner,and 
also the sectional drawing of (his burner are shown. 

Anicricdi) Alcdlin] Cookiiiii-xlorcs. The Quick Work Stove Coinj>any, 
of Cleveland, Ohio, furnish the following statement concerning the cuts 



Fiq. 125.— No. 32, Caliinet Alcohol Cookina;-slovc. Made by the Quick Work 
Stove Co., ClcN’eland, Oli’o. 


of their alcohol cooking-stoves, which are, showm in the following pages: 
“W(' have been experimenting for (he ptuit three years to produce a 
good alcohol stove for use in foreign countries where tax-free denatured 
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alcohol is used, and for this purpose we print our circular in both English 
and Spanish. We mention a number of points of interest concerning 



Fui lliCi.- Ovoii of tlic (^uick Work .Stove. 


perlccted alcohol stoves which we shall incorpomttt in our next circular. 
Our stove, using a single burner with the tire turned on full, lasts about 



Fig. 127.—Three-burner Hot-plate, No. 44, of the Quick Work Stove. 


2J hours. In another test we kefit water on our cooking-stove at the 
boiling-point for six hours using one quart of alcohol as fuel. This shows 
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what saving can be made by an economical operator. We find the results 
of burning ga.soline and alcohol are about the same, but submit that, tak¬ 
ing everything into consideration, alcohol is far ahead of any other liquid 
fuel. Our stoves require no more care or attention than any ordinary 



Fio. 128.—This ovit shows Burner and Valve complete and the various Barts of 
the Burner for the tiuiek Work Alcohol Stove. 

cooking-stove to maintain them in good working order. In the case of 
jelly, for instance, being boiled over and the vaporizer becoming filled, all 
that is necessary to do is to remove the burner parts and scrape the dirt 
out of the vajKirizer. The burners arc made of annealed cast iron,—not 
cheap metal or tin,—and are the, mo.st effective, durable, and expensive 
burner made. The construction of our hot-platc or platform stoves is 
very compact, and if well crated they will stand long and .severe tri[)s by 
rail or water. Any part of our stoves can be replaced without having to 
purchase a whole new stove. Our systi'in of generating fuel into gas 
enables more air to Iki mixed with the gas than any other stove on the 
market. This results in complete combustion of the fuel, which is a 



Fm. 129.—Sectional view of complete Burner for Quick Work Alcohol Stove. 

very desirable feature. As soon as a meal is prepared, the fuel-valve is 
shut and no further fuel is consumed. All surplus heat is also avoided, 
which is not the case with wood, coal, or charcoal. The oven with our 
stove becomes thoroughly heated in about ten to fifteen minutes. These 
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Ready lor use, flj inelics Inf'll. 



Closed, 33 inches bish. 

Fla. 130.—Traveling Companion, capacity 1 pint. Nickel-plate, complete with 
Egg-liolder and Tea or (kiHee-maker. Made by S. Sternau & Co., Brooklyn, N. Y. 

The stand, lamp, extinguisher, egg-holder, handle, and silver-plated tea- or coffee- 
maker fit inside the cup. The handle is non-heating ebonized wood and is re¬ 
movable. 

This traveling companion is exceedingly convenient for heating milk or soups, 
cooking cereals, boiling eggs, etc. For travelers, tourists, picnickers, sports¬ 
men, etc., it is of great utility. For use in the nursery or in the sick-room it is 
invaluable. The lamp holds one half gill, which will bum about twenty-three 
minutes. All of the alcohol lamps shown here are the very best that have been 
produced after an experience of twenty-three years. 
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istovcs are portable, very convenient, and reliable in case of sickness 
where hot water is quickly wanted. If, as time passes, the use of alcohol 
as a fuel becomes general, the consumption for cooking purposes should 
certainly be very large. In Fig. 125, p. 200, is shown the No. 32 Cabinet 
(looking-stox'e. This stove comprises four burners, and the illustration 
.shows it. ((i be of an efficient character and fine, durable construction.” 

American Alcohol Cooking Apparatus.—The following illustra¬ 
tions show some of the utensils for cooking jmriioses used in conjunction 



Fig. 131.- Coflcc-niiu'limc Set. Consists of coffee-machine with Sterno-tnferno 
burner, iileohol flagon, cream-pitelier, sugar-how'l, wind-shield, and olilong 
tray, size 12x18 iiiches. Capacity of coffee-inachinc iiiiits or M allcr- 
dinner cups. 

The i8t(;riio-Infernn burner is the late.st modern alcohol lamp; holds one gill, 
and will burn about one hour. 'This colTce-machine distills the coffee and thus 
extracts only the wholesome projicrties of the coffee. ColTee should never be 
lioiled, lieeause Ixiiling extracts the uiiwhole.some firoperties, dissipate.s the aroma, 
and spoils the flavor. With the foregoing coffee-machine coffee of a quality that 
never varies can always la* made on the table. These unusual and i-oiivenient 
features one cannot fail to aiiprei'iate. When any of the parts of the coffee-machine 
arc worn out they can be replaced without getting a new machine comjilete. 

with alcdhol lamps. F,ach article has been designed so as to be durable 
and practical in every respect, as well as appealing to the eye, and is 
ma le in the most skillful way of solid copfK'r. Besides being furnished 
in {lolished copper, each article is also supplied in either nickel or silver- 









Pig 132.—Coniploto Chafing dish Oulfit Trirntiied with Gi.'auin<* Ivorv. of tlirco-pint chafinii-ilish with alcohol lamp, 

toiler, spoon, fork, omelet pan, skimmer, egg-poacher, half pint alcohol llagoo. and (dd«»ng tray, size 12 <18 inche.s; all trimmed 
■with genuine ivorj* excepting the flagon. The lamp holds one-half gill and will burn about twenty-four minutes. 

This outfit is rich in appearance and a delight to those who appreciate the convenience of the chafing-dish for preparing 
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plate, excepting (he spoon, fork-skimmer, egg-poacher, and toaster, 
which are made oi nickel-silver, and also furnished in silver-plate highly 



burnished. The apparatus shown in Figs. 130-133 is made by S. Stemau 
and Co., Brooklyn, N. Y. 
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The alcohol-sas stovo shown in Fig. 134 is manufactured byGlogau 
& Co., Cliicago, III. It is of durable construction and a very convenient 

form of heating apparatus for small 
capacities. This stove is about five 
inches in width and height, weighs 
about eight ounces, and the reservoir 
holds nearly half a iiint of alcohol. 
The matci'ials are bra.ss and the finish 
is nicki'l-plate. Wherever gas is not 
available or dcsir.able, and for emer¬ 
gency heating necessities, light, house- 
keejiing, etc., it is extnmiely useful. 

'I'lie principle of its oix'rarion con¬ 
sists in the fact that it vaporizes the 
alcohol and then burns it in the form of a gas, making an (‘xceedingly 
steady flanie anil reliable source of heat. A ipiart of water is boiled in 
about eight minutes. The best results demand that the best sjiirits jiro- 
curable be used for fuel. As an illustration of the universal use which 
the merit of this stove has obtained, it can be mentiond that it is used 
in the camps and hosiiitals of the United States, German, liritish, and 
French armies. 

The Kerosene Burner for Steamer Automobiles.- This burner is 
manufactured by the National Oil-h(“ating Company of Melrose, Mass_ 



Fio. Lit.—Ologau's Alcohol-gas 
Stove. 



Fjo. 13.5.—Kerosene Burner for Steamer Automobiles. Easily adaptable for use 
with alcohol. 

It is started by a small alcohol burner or hand lamp specially designed 
for the purpose, which in a few moments heats the kerosene to the vaporiz¬ 
ing temperature and ignites it. The alcohol vaporizing lamp is then 
withdrawn and the kerosene is soon ignited in the bur.ter, where it 
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automatically maintains its own combustion. A pipe from the kero¬ 
sene pre.ssure-tank to the main burner and one from the small pilot- 
light tank to the pilot light is all the piping necessary. The general 
appearance of this burner is similar to all steamer automobile burners in 
that the main vaporizing-coil lies across the burner forcing the gas into 
the mixing-tube, the kerosene being fed to the burner under pressure. 
The burner is closed at the Iwttom and there is no opixirtunity for back¬ 
firing. The flame and gases can only pass out through the boiler and 
stack. Should alcohol be obtainable at a reasonable price the above 
burner can be ('asily adajjted tor its use. 

Foreign Alcohol Heating-stoves.—In the accompanying cut is. 
shown the French alcohol lieatiiig-stove made by E. Boivin et Cie., 


R 



Fig. 1.30.—^Alcohol Heating-stove. 


Paris, France. This stove is beautifully finished, as are all articles 
of French manufacture. The highly planished or polished fluted copper 
reflector in the front of the stove concentrates the rays of heat and 
throws them forward into the apartment, greatly conserving the amount 
of alcohol consumed. The advantages claimed for this stove are the 
absence of any objectionable flue products, a heating effect not obtained 
by any other (alcohol) system and no danger of explosion. It is also. 
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stated that the stove is regulated with a eoek in the same manner as the 
ordinary gas-stove, and that the consumption of alcohol is reduced to a 
minimum, the heating effect equaling that of the gas-stove. In this 
stove the alcohol is hast vaporized and then burns as a gas. The details 
of the manipulation of this stove arc as follows; 

R, alcohol-reservoir, whi(;h is filled with denatured alcohol of IK) per 
cent, strength; B, alcohol-lighting cock; C, alcohol-igniting channel; 
D, alcohol-fecditig cock; K, handle tor opening or closing shutter to 
view the operat.ion of the burner. 

Noll'.— It is recommended for the best, results in heating that the 
reservoir be kept well filled. 

Jmpnrtnnt Notice .—Do not open the cock D while the alcohol is burn¬ 
ing in the igniting-channcl C, and be careful that the cock D is always 
closed when the stove is not in use. 

Tills stove is merely an cxanijile of one tyjx; of alcohol stove used for 
heating purposes. 



CHAPTER VIII. 

ALCOHOL AS A SOURCE OF POWER. 

The Deutz Alcoliol^»nginc. The Bcutz Alcohol-motor or Portable Engine 
American Aieohol-cngincs. 'J’he Alcohol-motor for the Automobile. The Diesel 
Engine. The Kerosenc-t)il Engine. The Gasoline-engine and its Adaptation 
to Alcohol. Comparison of the Economy of tlie Steam-engine with Other 1’ypes 
of Engines. 'J'lic Gas-engine Compared with Other Types of Engines. Outline 
of the Methods Used in Testing Internal-combustion Engines. 

The Deutz Alcohol-engine.— As the experience with alcohol engines 
has boon extremely limited in the L'nited States, it, will be of advantage 



Fig. 137.—Deutz Engine lor Use with Alcohol, Gasoline, Kerosene, or Elgin. 


to conisder the progress made by Oennany in this respect. This nation 
has been a leading exponent in the development and uses of denatured 
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or industrial alcohol for the 

begin with a description of the g Colognc-Deutz, Germany, 

w. I,, Ibe 1«.. O^nsm 

wkich .■on.r*ny tav» b„„,k k„„.,, tka Otto G»- 

through the kindness of th(i p 275, an 

engine Works, of Philade phia, • ■ ^ horse-power, 

illustration of the Dcutu alcohol engine, t>pe E 1/, 



j 3 R,_Side Elevation of 'type E-12, Dcutz Alcohol Ensino. 

a i-tr “t w ^ 

pioneer in single-act mg exploMveingints. E-]2aresingle- 

“The orkinal Otto engines types to, ano 

aeting explosive engines, ^he ^ vapor is exploded in the 

n..™*. 

tiiroughthc connecting-rod and crank to the fly-whei 
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“The engine operates on the 4-stroke cycle principle, that is at every, 
fourth piston-stroke, or every two full revolutions of the crank-shaft, a 



power impulse is generated. When the piston is at the end of its inner 
stroke there remains between the piston-head and the inside end of the 
cylinder a certain elearanee space—the compression space, filled with 
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air or the products of prcvioas combustion, and beginning with this 
piKsition of the jnston the following cycle of operations takes place; 

“First (forward) stroke of the piston. During the outstrokc of the 
piston an explosive mixture of gaosline, kerosene, or alcohol-vapor and 
air is drawn into the cylinder (charging period). 

“Second (backward) stroke of the piston. The explosive juixture 
Is coiiipressed in the clearance space (compression period). 

“Third (forward) stroke of th(' piston. At the inner dead-center the 
compressed charge is ignited, and the resulting high increase in pressure 



“The strong impulse thus given to the fly-wheel suffices to keep 
it in motion during the three following successive [jiston-strokes. 

“Fourth (backward) stroke of the jnston. The products of combus¬ 
tion are expelled info the atniosiihere through thi; ojjcn exhaust-valve. 

“Close uniformity and regulation of sijeed of the engine Is .secured by 
the use of a proportionally heavy fly-wheel. 

“The engines of types E-10, M-10, and Fj- 12 can be operated with 
gasoline, kerosene, alcohol, or ergin. If built for gasoline or kerosene 
and changed for operating on alcohol or ergin, the comprc.ssion must be 
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increased. Generally the engines arc tested at the shops for one par¬ 
ticular fuel only. 

“The ty])es enumerated differ somewhat, as follows: 

“Type E-10 is a slow-.speed engine and can be furnished equipped 
with either cooling by water circulation or cooling by eva[)oration (.see 
paragraph describing methods of cooling). The idKargc is formed by 
means of a spraying device, the fuel being admitted to this device eithei 
through the pump or a float-valve. 



Fig. 142.—Ijongitudinal Section of Cylindcr-I.ead. 


“TyiX! M-10 ha.s a higher speed and is built only for the method of 
cooling by evaporation. This method of cooling is recommended in 
places where water is scarce. The charge is admitted in the same manner 
as in type E-10. 

“Type E-12 is also a high-speed engine, but is being built for either 
circulation or evaporation method of cooling. This type is equipped 
with the latest designed vaporizer. 
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“Tho types M-10 and E-12, as provided with cooling method by 
evajtoration, are e,specially designed for ])ortal)l(‘ engines. 

"The accompanying illustration,s show the working ptirts of typo 
E-12 and flic details (if con.struc(ion and de.sign. Fig. 188 (p. 27<S) 

.shows a side elevation of this ('iigine 
and the most important parts of the 
valve-motion. I'ig. 1,8!) (p 270) illus¬ 
trates a cros.s-.section of the engine on 
the lines J-Il of Idg, 18,S. Fig. 140 
(p. 280) illustrates a v('rtical section 
through the cylinder-head in which 
the fuel for the eliarge is sui)pli('d by 
a pump. Fig. 141 (p. 280) repre,seats 
!i cro.s.s-.s('cti(,n tlirougli the cooling- 
water jacket, with cooling metliod by 
evaporation; Fig. 142 sliows a longi¬ 
tudinal section through the cylinder-liead in whicli tliecliarge is formed 
liy im-ans (,f the new vaporizer; and Fig. 148 sliows tlie current-inter¬ 
rupter for tiie ('lectric igniting apparatas on a larger scide, lieing ;i vertical 
longitudinal section through tlie end of the cylinder-liead. 

“ Funnuhon oj Chtirqc. —a, Wlien using fuel-pump and s|iraying 
device. The fuel (gasidine, ken sene, alcohol, ('r ergin) is contained in 
!i tank plac('d Ix'side tlie engine and connected to tlie 1111111)1 /i tlirough 
the pipe u. During each charging period the jiump forces a fixed quan¬ 
tity ef fttel llmnigh the coimt'ction v' and tlic sprayer y into (lie mixing- 
chamlier 0, which it entei-s as a finely divided sjiray. At tlie same time 
the air drawn in tlinmgli the action ef the jiistoii enters tlie mixing- 
eliamlK'r thnmgh tlie iiir-cnck / and the air-pipe c. While, jiassing tlie 
sprayer the air is intimately mingled with the atomized fuel and is forced 
together witli the fuel thnmgh the open inlet-valve C into the cylinder 
space A. Tlie fuel is here evaporated, Ixitli by heat radiating fnim the 
cylinder-walls as well as through direct contact with these hot walls. 

“For the puriiosc of living able to start a kerosene-, alcohol-, nr ergin- 
engine while the cylinder-walls arc still cold, a gasoline starting-device 
has been provided from the cylinder-head, consisting of a small gasoline- 
Tcsirvoir which is connected with the mixing-chamber 0 by means of a 
small pijie fitted with a spray-nozzle. Before starting this reservoir is 
filled with gasoline. While the engine is being turned a small quantity 
ef gasoline is drawn during the charging period into the mixing-chamlier, 
entering the air-current through the spray-nozzle, lieing immediately 
vaporized on account of its high volatility and forming with the air an 
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explosive mixture. After the engine has been running for a short time 
on the mixture generated in this manner as a gasoline-engine, and after 
the cylinder-walls have been sufficiently heated, the fuel-pump can be 
put in action and the engine be operated on kerosene, alcohol, or eigin. 

“Fuel-pump (Fig. 140).—The fuel-pump h is a single-acting plunger- 
pump and fittal with a vortical plunger op(!ratcd from below and with 
automatic suction- and delivery-valves. The plunger is actuated by 
means of a lev('r located in the i)unip-(!asing and connected to the outer 
lever r'. The roller while mounting the inlet-cam actuates the plunger 
fn)m the lever r during its suction-stroke, and while the roller descends 
from the earn (towards the end of the .suction period of the engine) the 
plunger a(;tuated by a spring completes its discharge-.stroke. 

“The fuel is thendoro injected only during the second half of the 
charging jaTiod, thus securing a favorable formation of the cliarge and 
r(-liablo ignition. 

“in order to change the stroke of the pump, and consequently the 
qmintilv of fuel injectwl, the roller of the pump-lever r' acting ujxjn the 
lover-arm r is slidcable and iuljusted in a slot of the lever r'. 

“The fucl-pum)) is equipped with a hand-lever (not shown in illus¬ 
tration), by means of which the connections u' are filled with fuel before 
the engin;- i.s .st.arted. In order to determine whether the fuel has reached 
the sprayer a test-valve v has been proviiled immediately before the 
sj)rayci. .As soon as the licpiid n'aehcs this level, if tliis valve is open 
the f\icl will be expelled in a fine stream. Furthermore, this test-valve 
enables one to contn)l the jmipcr working of the pump at any time 
during the operation of the engine. 

“b. Wlicu using Vaporizer .—The fuel is admitted to the float-casing 
H, Fig. 142, flowing frt)ni a tank i)laccd Inside the engine through the 
connections u, while a float in the casing H acts upon the needle-valve i, 
so that the level of the liquid in the casing H is maintained at a constant 
height. For instance, if the level of the liquid rises, the float will be 
lifted and will close the needle-valve so that a lesser amount or no fuel 
can enter the casing II. The constant level of the fuel must always be 
below the openings o of the sprayer e connected with the casing H by 
means of the connections .9. During each charging-stroke of the engine 
a partial vacuum is formed in the mixing-chamber E in accordance with 
the amount of oprming of the inlet-valve (see paragraph 'Regulation ’)• 
This depression causes the fuel to be drawn out of the float-casing H 
and be atomized into fine streams through the sprayer o. The air enter¬ 
ing through the cock d and passing the syraycr e with great velocity, 
atomizes the streams of fuel, intimately mingles with the fuel, and with 
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this fuel enters the cylinder, where evaporation takes place the same as 
when using the pump and sprayer described above. In order to eSett 
evaporation the engine must be started with gasoline. 

•• The shut-off devioe of the evaixirator (consists of a small hand-wheel 
r fitted with a projection which causes the valve k to be oiicned when 

tSe .prayer c. As the valve m remains closed the engine draii^s fuel from 
the'starUn-reservoir. After the engine has Inien running for a while 
the hand-wheel r is turned so that the projection oi^ns ^ ^ 

valve Ik closes automatically, and fuel can therefore only fm d from 
the float-casing. The haml-wheel can also be turned so that neither of 
t vllJes is open, causing the engine to stop. The vaporizer operates 

the elitric spark. A current is generated m a inagneto-cle t.i, .ippra 

tus through induction by imparting an oscillating motion to the line y 
tus tnrou„n nmu j 1 ^ lamscshoe magnet. 

wound armature moving betwicn the ] rvllniler is 

While the current is most intense the circuit insn .. of the . hn k is 
interrupted by means of a contact-lever and a spark is geiiciatcd 

Ignites the charge. _ „ number of horseshoe magnets 

“The Ignition device consists oi a numu ,,,1.1 ..1,1 

betwi'm the poles of which a finely wound armature - 
T wo bearings. Upon one end of the armaturc-.shaft is located a 
" , whiciroiJes the armature, and whidi is -tuale ^oni 
gear-shaft by niLris of a connecting-rod c with tongue c (see V g l.W • 
The connecting-rod is pivoted to an (iccentnc guide-pm, so tli.it y 
turning the eccentric the point of ignition can lie varied. 

‘'Uo springs attached to the lever of the annature-sna t and the 

of the tongue c', which moves the lever to one side. After the lever l^a 
been released the tension of the springs cause it to snap back into its 

•• I ’finTi This causes the armature to move rapidly, and during, 

Zir‘ is scn™i«l. A rod b »nn«lcd .ith Iho lo.cr a* 

bner arm w' of the igniter-lever rests against the firing-pin x®, the elec- 
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trie current fn)m the armature ef the ignition devire passes into the frame 
of the engine, and tlirough this back into the armature by way of the 
wire X, the firing-pin r', and the igniter-lever w>'. Ordinarily a spring 
acting upon the lever-arm w of the igniter-lever eiuses the igniter-lever 
to rest against the firing-pin, and the current generated c.an then pass 
as descrilied above. As soon, however, !us tlic rod 1/ connected wit)} the 
lever I imparts a shock to the lever w, the lever w' is separated from the 
firing-pin, the circuit is interrupted, and the electric spark is generate<l. 

“ Vohc-niolion.— kW movable parts of the valve-motion are actuated 
by means of a gear-shaft running alongside of the engine and n)tating 
at half the number of revolutions of the crank-shaft. This gear-sh.aft is 
noiselessly o])erat('d from the crank-shaft by means of a pair of worm- 
g('ars. Cam-slecvcs located upon the gear-shaft act upon the levers of 
the various valves. The exlnuist-valvc ]) is actuated by means of the 
cam 111 , the roller m', and the lever q, while the iulel-valve C is operated 
by the cam «, the roller and t he lever connection p,and p". While 
th(> exhaust cam-sleeve, which caifies the exhaust-cam m is keyed tightly 
to the gear-shaft, the inlet cam-sleeve can be shifted upon the shaft 
through the action of the governor. The fuel-pum|) h isoi)erated simul- 
taneoitsly nith tin' inlet-valve, in that the arm r mounted upon the hub 
of the lever p actuates the [)ump-lever r'. 

“ Rcijiihiiwn. —^'Fhe s])eed is regulatol by varying the volume of the 
charge while maintaining a constant proportion of the com|)onents of 
the ctiargc As soon as the spetnl exceeds the normal to the least extent, 
the governor T shifts the inlet cam-sleeve fitted with a conical cam n, 
so that a lower portion of the cam acts upion the inlet-valve roller. In 
this way tin' inlet-valve C is ojiened to a lesser extent and the stroke of 
the fuel-i)ump Ji is diminislnd; the total volume of the charge is there¬ 
fore decrtasiHl and consequently the explosion and impulse becomes 
weaker, resulting in a jiroportional decrease of the siieed. The governor 
therefore always regulates the fuel consumption in accordance with the 
power dcvclojied by the engine while maintaining a constant speed. 

“ (,Wwi!7.— The burning of the charge in the cylinder generates a 
high temperature, making it necessary to cool the cylinder and cylinder- 
head. This cooling is accomplished through circulation by passing water 
either from a main under pressure or through circulation from a cooling- 
water tank through the water-jacket (Fig. 140), or through cooling by 
evaporation (Fig. 141), in which method the water-jacket of the cylinder 
is extended upward in the shape of a box closed by a cover fitted with 
a funnel for filling cooling-water. The steam generated by the heating 
of the cooling-water escapes through a pipe attached to the cover. 
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“ FarilUntiiu/ Starling .—In ordrr to facilitato starting, a second cam 
not shown in (he ilhistralion is niount«l upon the exhaust eam-sleevc, 
known as (he starlinj'-cani. Ttiis earn i.? not in action wliile the cnpine 
is runniii!;; while stafting, however, the exhaust roller is shifted so that 
it is ojierated hy both cams. A portion (i the charge in the cylinder is 
thus exjielled through the open exhaust-valve during the conipresssion 
jieried, thereby diminishing the resistance which would otherwise make 
turning by hand dillicult.” 

Alcohol-motor.--The following statement is also furnislu'd the 
audior by (he Deutz (ias-engine Works of (lologne-Dc'utz, (leriuany: 

“I’he great desire to secure a native fuel, such !is alcohol, which c( uld 
be easily ])roduc(Kl from raw' agricultural materials in (iermany, as well 
.as llu' importance therefore of the ne('d of also obtaining the Idgb.cst 
perfected type of alcohol-using motors for portable uses in (Iermany. 
gave rise, in the year through the efforts of the (lerman .Agricultural 
Association, to a competitive exposition in Mannheim, open to all visiting 
motors, the fi-aturcs of the alcohol-using motor to be that it should 
bo jiortable, and also able to be successfully us«l for technical and af ri- 
eultural ])urpo.s(s as against the eoinmon kcrosen and gasoline motors, 
which latter had in turn rejilaced and succeeded stcam-iiower for such 
uses. 

"Their low running cost and maintenance, and not the least their 
merit in the less danger from their causing fires, has all tended to uni¬ 
versally introduiie thcsi^ motors for industrial agricultural operations. 

“The unbearable odor of kerosene acts as a restraint in the extension 
of its univensal use as well as its great tendency to sootiness, while with 
gasoline the development of its use is offset by having to imjiort it fn m 
foreign countries, as the sujiply, in case, of a foreign war, would be cut off. 

“ In addition to this the control by the excise officers of the jiremiums 
granted by the government on engine gasoline affords a great deal of 
annoyance to the users of gasoline-engines. 

“The efforts of the motor manufacturers had been long ago directed 
to producing from agricultural sources a native combu.stible or fuel 
which could be economically used in motors, and this w.as successfully 
accomplished, as demonstrated by the tests made at Mannheim by 
Prif. E. Mayer. 

“ The Deutz Akohol-trwlor, or Portaiile Erupne.—Considering the fluc- 
tuations in load met in practice, a 16-H.P. Otto Deutz alcohol portable 
engine gave the most favorable results, viz., .SS9 grams (about 13.7 ozs. 
avoirdupois) with normal and .6(17 grams (about 17.8 ozs. avoirdupois) 
per effective horse-power hour with half-load. For maximum brake-load 
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effect the consumption is reduced to only 365 grams (about 12.8 ozs. 
avoirdupois) per effective horse-power liour. 

“The accompanying illustration (Fig. 144) shows such a Dwitz alco¬ 
hol portable engine, which is not only used in suntner for threshing and 
other agricultural jmrpo.scs, but particularly as well also in the winter, 



Fio. 144.—Threshing in (Jermiuiy, Tlic Ucutz Alcohol Portahlc Engine 

on .accou.it of its unifonn speed, in the generation (f electricity for 
lighting inirpo.se.s. 

“A further employment of the alcohol-motor is that of the perfected 
Rcutz locomotive for mining-railwa)' and field-railway uses, for which 
purposes the more expensive use of horses, on account < f their cost to feed 
as well as the unsanitary conditions resulting therefnmi, have gradually 
been superseded. This locomotive is shown in Fig. 145. 

“The illustration shown in Fig. 146 is a locomotive for forest-railway 
use by the Grand Ducal Hessian Chicf-Fore.stry in Kelsterbach. 

“At the present time, of all the Deutz locomotives now being used, 
more than one third are run with alcohol. An extremely desirable 
feature in enabling these new alcohol-motors to attempt to com])etc with 
steam-locomotives is their much greater freedom from risks of causing 
fire by the sparks thrown out by the steam-locomotive, as with alcohol 
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“The development of the industrial uses of alcohol merits most atten¬ 
tion, therefore, in the case of Germany, as that country enjoys a leading 
position among other nations in this respect. ^ 

“This condition of affairs has been largely attained by the efforts of 
the great agricultural and industrial distilleries, as well as by the intelli¬ 
gent attitude and legislation on the jart of the goveniraents, because 
from their correct understanding of the great imiwrtance of this matter 
they have constantly striven to grant such legislation as will furnish 
earnest incentives for the production of alcohol and the creation of new 



Fig. 140.—Forest Railway of tlic Grand T>iic.al llcs.sian (liicf-Forestry in Kclstcrbach 
Faiuippcd with the Deulz Alcohol-locomotive. 

methods for its industrial use. And such legislation has endeavored in 
every way to facilitate and to expedite such ends. 

"The great extent of such use is shown by the fact that there was 
used in Germany, in the years 1887 and 1888, some 38,000,000 liters 
(about 10,000,000 U. S. gallons) of alcohol for technical purposes, and 
in the years 1900 and 1901 this great quantity had increased to 112,000,000 
liters (about 29,,')00,000 U. S. gallons), and especially has the consump¬ 
tion of alcohol denatured with the standard denaturing agent increased to 
the extent of some 79,000,000 liters (about 20,740,000 U. S. gallons) in 
the years 1902 and 1903.” 
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“The association formed in 1899 for the purpose of utilizing alcohol, 
and which represents the majority of the German alcohol manufacturers, 
also considers it their chief aim to stimulate in every way the increase of 
th<! use of all kinds of spirits.” 

\^^he Mietz and Weiss Alcohol-engine.—In the building of alcohol- 
engines by this firm the only change necessary was simply to increase the 



Fig. 147.—Passenger Railway r,t Exyositien Park, Lima, Peru. Equipped with 
the Deutz Alcohol-locomotive. 

compression over the kerosene-oil engine which they have so long sup¬ 
plied and the merits of which are so well recognized. 

A peculiarity of the use of alcohol is the necessity of a higher degree 
of compression than in the case of the petroleum products in order to 
secure the greatest efficiency. 

A general view of the Mietz & Weiss double-cylinder marine nil- or 
alcohol-engine is shown in Fig. 148. These engines are made in a 
variety of sizes up to 50 horse-power. 

As the ignition takes place from the rise in temperature by the com" 
pression of the gases in the combustion spaces of the cylinders, no elec¬ 
trical sparking devices or batteries arc required. This feature contributes 
V(‘ry largely to the reliability of these alcohol-engines, as there are no 
such devices to get out of order. 
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Fitted into (lie e 3 'lindor-head is a pear-sliaped hollow cast-iron ball 
opciiins into the combu.stioii-chamber of the cylinder. The end of this 
ball is dWctly in line with the injection-nozzle of the alcohol feed-pipe 



Fig. 149. —Sectional View of the Miotz & Weiss Marine and Vertical Oil- or Alcohol- 
engine, showing the cylinder and crank-case, piston, connecting-rod, a,nd crank¬ 
shaft ; also the igniter-ball and the ports showing the method of taking in the 
air and exhausting the gases. 

entering the side of the cylinder. In starting the engine the igniter-ball 
is heated to a dull red by means of the hydrocarlion lamp attached to the 
engine and operated by compressed air from a small tank. When the 
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igniter-ball is heatwl, which operation takes a few minutes, the engine 
is ready for starting, maintaining the ignition temperature automatically 
so long as it is in operation. 

The sim])licit>- of construction, there being no valves, no cams, no 
gears, and no vaporizer or electrical sparking device to get out of ordei', 
enable good results to be obtained from the.se engines without any S|)eeial 
nieciianical knowledge or skill. The governor is of tlic centrifu,i;al bal- 
ancfsl ty]ie. In the case of these engines for marine uses it is unaffected 
by th(> lulling of the boat or vessel. The sjiei'd i f tlu' engiui' can also be 
regulated by means of a throttle or hand-regulator, which limits the 
stroke of thepumy) or throws it away froiii the governor eccentric, entirely 
thereby stopping the flow of alcohol and stoiijiing the engine. 

A sectional view of this engine is shown in Fig. ]4t). In this sec¬ 
tional view the parts are explained as follows: 

()4 is thei gnitor-ball; 2 is the cylinder; d is the connecting-rod; 
4 is the piston; 104 is tlie lubricating-eil well; 179 is the regulator- 
handle; 01 is the injection-nozzle. 

.V general view of the triple-r'vlinder Jlietz & Weiss marine oil- or 
alcohol-engine is sliown in Fig. iritl, p. 295. These engines are fnrnisluxl 
in sizes fronr 22 t,o 75 horse-irower. The number of cylinders in these 
engines can be easily iticreased owing to the i)rinci|>le involved in the 
admission of the liquid fuel for the ex|)losive charge, and the metheil of 
governing, whereby the charge is lalmitted jiractically in an automatic 
manner to the cylinders in mtation after the luston ha.s (d< setl the exhaust- 
))orl and begins its compression period. 

In comparing alcohol and kerosene at the ])re.scnt time as fuel for these 
engines in constant o]K‘ration, the i)oint of advantage in ('conomy will 
lie heavily in favor of kerosene. There is the :wlvantage in case of alcohol 
ov(‘r kerosene of absence (f disagreeable odors. The same advantage 
holds in case of alcohol conijiarcd to gasoline. Another advantage in 
favor of alcohol over gasoline is its safety, as it will mix with water in 
case of fire, and as it is not so readily volatilized it. is also much safer on 
this account than gasoline. In the case of kerosene, on account of its 
absence of volatility at ordinary temiicratures, alcohol has not the same 
advantiige. In case of accident by lire, as kerosene will not mix with 
water, alcohol has the advantage over kerosene. 

As before stahxl, the complete reliability of these engines is not affected 
by any question of vaporization of the alcohol, because they are so con- 
stnicb'd that the handling of alcohol is a normal operation for this engine. 

The Weber Alcohol-engine.—In Fig. 1.51, p. 297, is shown a cut of 
the WelxT alcohol-engine whi<‘h is very similar in nieehanical detail to 




1 . 160.—General View of the 32, 45. and 75 Horse-power Ti iide-ey Under Miotz & IVciss Slarine Oil or Alcohol Engine. Fr. 




















and mixture-valve closed with exhaust-valve held open. This type of 
engine and method of governing is particularly well adapted for alcohol 
use. 

The vaporizer is so arranged that at different altitudes, also during 
different atmospheric conditions, the vaporizer will admit the proper 
amount of alcohol and air for perfect combustion. The amount of fuel 
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consumed would l)e in proportion to the load on the engine, and the 
governor itself will take of this very nicely. 

The compression with this engine is quite a little liigher Hum the 
compression carried in the gasoline-engine, and owing to less heat having 
to be ateorbed by the water-jackets than in the case with the gasoline- 
engine the economy is quite high. 

This company has found under actual conditions that the fuel con- 
Sumi)lion ])er horse-power ))er hour is about the same pound for ])ound 
whether using alcohol or gasoline. This alcohol-engine requires no external 
heating arrangements, as the engine will start on the first turn on the 
alcohol alone. 

Some engines require the use of gasoline for the first few revolutions 
in order to warm up different jxntions of the engine before alcohol is 
turned on. With this engine as this coini)any build it, however, there is 
not required anything other than the drawing of the charge of alcohol- 
vapor into the engine-cylinder and compressing same, when the engine 
will immediately start in oiK'ration. The (-ngine is provided with a pump 
for "keeping the supply of alcohol at a C('rtain height in the vajKirizer, 
and it can also be fitted with a gravity tank if so desired. 

When using alcohol in one of theses engines it is ('s|X'ciatly noticeal)lo 
that the engine Is not vitiated to the extent that it is when gasolitu' is 
used for fuel. This company mentions that their gas-engines, however, 
will work with perfect .succe.ss i n alcohol with but very slight changes. 
They have taken their regular gasoline-engine and have used alcohol in 
it directly after the ga.soline has been exhausted. They have also taken 
the same engine and oixrated it with alcohol without first, .starting it on 
gasolin('. 'i'he percentage of clearance in the cylinder of the Weber gas- 
engine is 5 per cent. The percentage of clearance in the Weber alcohol- 
engine is 33 p(!r cent. 

^/(jasoline Traction-engine as a Plowing-engine, and the Adaptation of 
Alcohol in Place of Gasoline.- During recent years there has been a rapid 
and remarkable advancement in the development of implements and 
machinery devoted to farm u.scs. But com|iaratively few years ago 
threshing-machines w'ere ojM'rated by horsc'-power, while now a machine 
operated by horses is a rarity. The universal success of the traction- 
engine for threshing has caused it to l)e used for other power purposes, 
such as feed-grinding, freighting, plowing, etc. We show in I'ig. 152 the 
Hart-l’arr Company’s 2()-horsc-power, nominal, traction-engine. This 
company are large builders of the typos of internal-combustion engines, 
especially adapted for such purposes. They also manufacture portable 
and stationary engines of the same kind. With respect to the use of 
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alcohol ill these engines they make the following statement: “We have 
tvatched with a great deal of ititere.st, and added our efforts to help bring 
about th(“ free use of alcohol for power purposes. We have made a con¬ 
siderable study of the methods of utilizing this fuel, and exj^ct soon 
to conduct extended ex])(!riments and arrive at definite results. Our 
engine is so constructed that alcohol can be used as fuel with very 
little change. Hy reducing the clearance space in the cylinder we will 
add the jiroper degree of compression and thus furnish the efficient use 
of alcohol as fuel. 

“We have devclopiKl the feeding or carbureting devices with a 
view to utilizing such fuel, and believe that they are as well adapted for 



Flo. I.VJ.- tJiisolinc 'I'raction- or Plowiiig-cngiiK'. liuilt l)y the llart-Parr Co., 
Cliarlc.s City, Iowa. This engine can be easily adapted tor use with alcohol. 


it as any that can be constructed. In enclosed situations tvithin doors, 
where the odors from kerosene fuel are considerable, it i.s quite likely 
that alcohol will take the iilace even if it does not sell as low as 
petroleum fut'l. We have several hundred of our traction-engines in very 
succe.s.sful operation through the Western States and (lanada, and recently 
made a shipment to the Hawaiian Islands. 

“In the greater jiorfion of the United States, where kerosene is very 
cheap or where the distillates of the Western country are produced, it 
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ivill 1)0 a long (iinc bcforo alooliol will bo low enough in jjrico to ooni- 
pctewith (hose fuels for traction-engine use. In Fig. 153 is shown a 



plowing seen)', using the llart-Parr Company’s 20-hor.se-power, nominal, 
traction-engine. Formerly our traction-engine was used entirely with 
gasoline as fuel. The use of kerosene has greatly reduced the expense of 
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operation of these engine*.?. Kerosene can be purchased in our section 
at about S cents per gallon and yields a little more powiT per gallon than 
does gasoline. In tlie sugar-growing regions, ami probably in territories 
lying so far distant tliat the freight on petroleum fuel makes it too expen¬ 
sive, the* use of alcohol will commence even in tra(!tion-('ngines of the 
character which we are building. Accordingly this .subject is of dc('p 
interest to us. We candidly admit that the gre.at majority of the gasoline 
trad ion-engines previously offered have lieen failures. Kxijorience, how- 
(!vcr. shows that the first crude machines in all kinds of labor-saving 
nuudiinery are but the stepping-stones to the, later and more (>fficicnt 
product. 

“.Alter years of patient efforts and work, repeated attempts and 
failures, we have sucia'cded in producing the first- rr'ally succr'ssful gaso¬ 
line traction-engine iHif on (he m.arket. We claim that our traction- 
‘Ugine is suiierior in economy to the steam-engine for the above-natned 
pur|«)scs. 

“In addition we ckiiin there is no danger of setting fires by sjtarks 
as with tht> steam traction-engine. Our traction-engine is more cim- 
vt'niciit to operate than the best of steamers and is not troubled with 
h'tiky titles.■' 

/'otm f'.sv.s oj AlaihoL -7h(' traction .sawing-machine, for sawitig 
cord-wood, whiclt is shown-in Fig. l.o4, is built by the Olds Gas Power 



Fig. 1.51. —Traction Sawing-machine. Uuilt liy the Olds Gas Power (t(mu'.any 


Company and illustrates one of the many uses to which gasoline- and 
alcohol-engines can be put. This company claim to be the largest manu¬ 
facturers of gas- and gasoline-engines in the Tnited States. They will 
be ready to furnish a simple (mixer) attaclunent to their engine as soon as 
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denatured aleoliol is available, so that their engine can be used with th( 
same ease, rcliahility, and eeonomy will) tJiis fuel as is non' the case with 
the use of (lie jiresent fuels. 

The (’on.sid(>ration of freedom from fire, eombined with compactness, 
comparatively light weight, ease of operation, and lack of danger, make 
these ('iigines particularly adaptable for general use by people with 
comparalively little meclianical exiJi'rienci'. The lack of danger from 
fire makes them more di'sirable for farm use than any other power. 
Farmers in general now realize that it is almost as essential to have one 
of these ('iigines as it is to have a jilow. 

The money and time saved by using them for pumping wat(‘r, electric 
lighting, cutting fodder, churning, separating.cream, sawing wood, load¬ 
ing and unloading hay, grain, etc., amounts to the, saving of the labor of 
fn III one to three men, which is something in these times of scarcity of 
help that must, be considered by every farmer. 

They are also indisiicnsable where ])ower is necessarily portabh', on 
account of their light weight and compactness. A few of the uses to 
whicli (hey are put in this direction are for running portable .sawmills, 
hoisters for unloading vessids, for building-contractors, sewin' and viaduct 
work, filling coal-pockets, hoisting and hauling ice, etc. They are also 
valuable as a source of jiower for the s])raying of the foliage of trees, 
shriilibcry, etc., for the extermination of the gj’psy and brown-tail 
moths and other insect posts. 

In addition these engines furnish jiower for the blacksmiths, wheel¬ 
wrights, grain-elevators, and tdl manufacturing where imwer is needed; 
also for municipal and private water-pumping and electric-light sta¬ 
tions. In fact there tire so many uses for this form of power that to 
enumerate them all would fake more space than is available in this work. 

Whili' the demand for Olds engines luus been constantly increasing, 
this company expect a very much larger demand for them at the time 
denaturi'd alcohol is made, available in all rural districts,as it undoubtedly 
will be within a very few years after the law authorizing this product 
goes into effect. 

)y^be Alcohol-motor for the Automobile.—If denatured alcohol can he 
furnislit'd at a price that will admit of its use for power purpo.ses, the 
consumption of it will be greatly increa.sed. It would appear that the 
field open for such use of alcohol at the present time consists in engines 
of a ca])acity of 50 horse-power or less, and that its use .as an alternative 
fuel to gasoline offers a .strong incentive for its development on these 
lines. Taking up the question of the alcohol-motor for trackless vehicles, 
such as automobiles, truck-wagons, etc., it is of interest to review the 
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results of foreign experience in this respect.* At the International Com- 
petitiv^c Expo.sition hold in Paris, France, in 1902, of motors and appara- 
tus using denatured alcohol, the best results obtained were with a mixed 
fuel, consisting of 50 jjer cent methylaled spirits and 50 per cent of a 
hydrocarbon fuel. In a numlx'r of trials of several good motors, operated 
successively with denatured alcohol alone and then with the same fuel 
50 jx r cent carbureted, the su))eriority of the latter was as about seven 
parts consum.'d to ten parts of the former. In the report of M. Sorcl to 
the .Minister of Agricultun- he stated, among other conclusions, that from 
the review of tlic. motors by the jury, of which he was a member, the 
best motors re(iuired at least one and a half times the quantity of air 
theoretically necessary for coniplefely utilizing the whole of fh(? carbon 
of th(' denatured alcohol alone, or of t he 50 jicr cent carbureted denatured 
alcohol in practice. 

i\I. Sorel fiirtlu-r stated that th(' results with certain motors were sati.s- 
factory, while those with othc'rs were not; also that the combiLstion 
appearc'd never to be complet(>, as was shown by the presence of appreci¬ 
able rpiantities of acetic acid in the exhaust-gases. If the pro])er amount 
of air for the complete consumption of either alcohol was not supplied, 
incouiplcte combustion ensued, attended with a considerable degree of 
loss in efficiency of the motor. 

It mav be fnrth(!r stated that from the results of the tests there 
api)ear('d to be an economy in 191)2 o\ (‘r .similar tests in 1901 of about 
15 j)er cent. These re.snits are tlie more interesting because they show 
an improvement in the operation of th(' automobiles which rvas evidently 
related to tfw conmmption oj the jurl. This is shown from the fact that 
the types of these vehicles have varied but little; the construction of the 
motors w.as practically the sanu', as w('ll as the mechanical devices for the 
transmission of power and the variation of tlie sjiecds Ix'tween ISlOl and 
1902. Tlic manufacturers apjjcar to have directed their efforts principally 
in the utilization of alcohol by elevating the temj)erat\ire of the carbu¬ 
reter or of tlie exjdosive mixtun' at its entrance into the cylinder, and 
by the increasing of the comiwession. ' The jury also state that for auto¬ 
mobiles weighing more than 500 kilos (1100 lbs.) the lowest consumption 
per kilometrie ton was 87.10 c.c., or 73 grams of carbureted alcohol 
(50 p!r cent of hydrocarbon fuel and 50 per cent of the methylated or 
denatured alcohol). 


*Froiu tlie Mintstere de 1'Agriculture. Coiicours International do Moteurs et 
AppareiU, utilisant L’Alcool D^naturti, ayant on lieu it Paris cn Mai 1902.—Rap¬ 
ports des Jurys, 1902. 
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In considcriiif; the facts brousiit out by the trials referred tf 
there are two factors whicli throw some light upon the somewhat 
unsatisfactory results. ()n(> is that perhajis the 10 per cent conl('nt oi 
methyl alcohol in the denatured alcohol was too high, and the other is 
that it. may be ])ossible to still further improve the alcohol-motor foi 
such uses in America. No serious complaints are ('xjjerienced in Ger¬ 
many from the corrosion of e.xplosive-engine cylinders or exhaust-valve! 
from fonnation of acetic acid. In Gerra.iny only about 1-] ])er cent ol 
methyl alcohol ;iud 1 liter of methyl violet dye, together with from 2 tr 
211 liters of benzol, are used to denature IIKI liters of alcohol. Possibly 
the much smaller quantity of methyl alcohol in the German denatured 
alcohol for motor use may ])artly account, for their freedom from this 
dilliculty in their port.iible alcohol-motors and stationary engines. If 
may also be partly due to their superior construction and elllciency, 
As to improvements in the [wc.scnt American typ(s of explosive motors, 
looking to their being adajjted for use with alcohol, it may be .said that 
competent eiigiiKs-riug authorities believe that successful alcohol-motor 
for automobiles can be made :uid will shortly coinc into use. 

Some chivngc's in design an> needed from the explosive' motors now in 
use, and it would appear that as mixed fuels are unreliable, a.p|>arently 
combining the disadvantages of each and thus ovircon.ing their geiod 
|)eiiiits, it is lueire ])re)bable' tiuit with a small anel se-parate- gaseiline'-lank 
cemnecte'el with the vaiseerize-r e>r raixe’r by a small pijie' titteel with a s|)ray- 
iieizzle- the meiteer cemlel be exasily started with gaseiline, eeii accemnt eif its 
high veihilility, in a few moments, afte-r which the ale-eiheil fuel cemlel be 
turne'el ein and use'el at iile-asure anel with ceTtainty eef re'sults. t)r an 
auxiliary ale'edu)! heating ele-vice, e'einsisting eif a spe’cial ale-eihed teirch- 
lamp arranged to heatup thealceehed vapeeri/mr feer starling the- alexelied 
meeteer nught be u.seel. 

In any e'VC'iit, if aleadied e-aii sue-e-e-ssfully run expleesive stiltieuiary and 
peirtable' agricultural medeirs—anel jeractmal expedience' has see ele'mon- 
stnite-el on the autheerity eef cenniee'tent e'liginccrs, as alre'aely ex|daine>el— 
it is able iilso to suci'e'ssfully eipi'mte' the automobile' e'Xjdosive' motor. 
If meeteers for using iihieeheil iire* see aelapte'el, the' que'stieen eif its e'eisf. in 
vie'w of its many aelvantagi'S will with seime: auteimeddle' owne'rs not bar 
its use. 

In considering the second metheiel, as above stated for using alcohol 
in the automobile; moteir, the author is pleased to show in Pig. 1,55 a 
French alcohol carbureter designed feir such adaptation. This cut 
and the following description were .sent to the author by M. Henri 
Dupays, of Paris, France: 
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“The carbureter proper and the distributor consist of two distinct 
parts united by tlie tube t. The distributor is operated periodically, 
at the moment of the aspiration (suction) of the air by a vertical 
movement induced by the mechanism of the motor through the rod T. 

“This distributor is, in effect, a sort of force-pump, consisting of a 
tube D, resting in the combustible (fuel) containc-d in the secondary 
reservoir .1, which is provided with a float C operating the valve H, 
thus maintaining the fuel at a constant level in the reservoir A. A rod 
K, fastened to T, maintains a laigi-r or smaller sjjace in the bottom of 
the tulKi D by means of the small piston p. This rod K passes through 
the piston p and is of sufficient length to jiass through the small hole 



Motors. 

in the lower end of the tube D. This rod K is fastened to the tube 
D by the spring V held by the nut G. solid on K, on the upper part of 
the tubf D. 

“When the rod T is lowered it operatt'S the rotl K of the tulx! D 
by the intermediate nut G and the spring T, the space in the bottom 
of D being already filled with fuel. The tube D when it is lowered 
fits tightly on the, seat of the valve of the vessel J under the reservoir A. 

“When the tube D is forced dowm on the scat of this valve in J by 
the movement of the rod T, the combustible held in the lower part of 
D is completely separated from the liquid outside of this tube in the 
reservoir A, while the rod T continues its movement and overcomes 
the tension of the spring V, the lever T is lowered more and more and 
the rod K being also simultaneously lowered its end opens the escape- 
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ynlve of J, whilo the fuel contained in the tube D is forced by the piston 
p into ./ and escapes tliroiigh (he tiilx 't into the vaporizer. 

Wlien T is again raised all the parts resume tJieir originid positions 
and the, tube I) is recharged with the liquid fuel. 

“The fuel is thus pt'riotlically pumped in definite measured quan¬ 
tities into the carbureter, wliere it falls U])on the coils of the la'att'd 
spiral tube <S and upon (ho walls of the vaporizer, which is heaU'd by the 
exh.aust-gases from the motor. 

“ The; valorization is facilitated by the small quantity of air drawn 
in through the pipe M, as well as hy the air which eiders hy N and 
is heated hy contact with S and It and finally with that of thi' cold 
air arriving hy 0. 

“The cxplo.-ive mixture or charge is conveyi'd hy the jiipe L to the 
cylinder of the motor. The exh.aust-gases from the motor etd,er tlio 
vaporizer at /' in the spiral tulie iS’ and are expelled through the cylin¬ 
der R.” 

In the description, of which the above is a translation, it is not 
stated how vaiiorization is effected in order to start t,he alcohol-engine 
or motor when cold. It is evident that heat, in some form must, he 
used to first heat up this vaporizer. Whether this is done by an auxiliary 
alcohol blast-lamp or torch is not stateil. 

Neither is any mention madi' as to whether the cold-alcohol motor 
is first started with gasoline from a small tank, after which the .alcohol 
fuel is turned on and used, the heat of the cxhaust-gasi's neutralizing 
the cooling due to evaporation. 

M. Dupays further writes the author on the whole question of de¬ 
natured alcohol in France as follows: “Jly opinion has not changed 
from that definitely given by me at the end of my article, published in 
The EtKjinccriwj Maqazinc, New York, U. S. A., in February, 1004.” 
This article of M. Dupays was entitled “.Mechanical and Commercial 
Aspects of the Alcohol-mc.tor.” The editors in a note published with 
this article state that “alcohol h.as, further, qualitu's which recom¬ 
mend it strongly for use in internal-combustion motors applied to the 
driving of automobiles, .and it is in this relation that M. Dupays dis¬ 
cusses it most fully. Ills intimate connection with the most notable 
experiment.al researches which h.ave been m.ade in this direction give 
him espi'cial st.anding as an .authority.” In this .article .M. Dupays 
mentioned that “the best carbureter from a mechanic.al point of view 
will be the one which introduces automatically into (-ach cylinder that 
quantity of alcohol which may Ix' constant or variable, deixuiding on 
the system of governing employed, which is strictly necessary to do 
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tho work, and in which the temperature is such as to insure rapid and 
romplelo evaporation of this charge in the least volume of air required 
to produce complete combustion. Carbureters fulfiiling these con¬ 
ditions for alcohol exist.” ‘'Construct'd originally to l)e u,sed in con¬ 
nection witli shale-oil, they have acted perfectly when alcohol, either 
pure or carbureted, was substituted. It might be difficult to show 
that the vaporizers now used with light mineral oils give equal satis¬ 
faction.” 

In this article, however, 111. Dupays gave no view or sectional drawing 
to show the appearance and construction of such a vaporizer. In order 
to ascertain just w'hat was the construction and what were the principles 
governing such alcohol vaporizer, the author, after reading this article 
of .M. Dupays, entered into correspondence with him, resulting in tho 
sec\iring of a cut and special description of such an alcohol carbureter 
from M. Dui)ays. It is this special alcohol vaporizer which forms 
the subject of this description, and a sectional view of which has been 
shown in I'ig. 15.5. on page liOf). In this same magazine article, already 
mentioned, .M. Dupays concludes as follows: 

“In spite of the liberal encouragement given by the. (French) govern¬ 
ment, ai>d in sihte of the rai)id strides made in perfecting the mechanic.al 
appliances, the industrial development of alcohol as a fuel is at present 
nearly at a standstill.” “And this rather dLstressing condition of 
affairs is due entirely to lho.s(i whose own ititercsts should prompt them 
to foster the growth of the industry; for at the present i)rice of the 
commodity alcohol cannot, compete successfully with its rivtds.” After 
enumertiting several reasons to .account for (Icrmaiiy’s successful ex¬ 
perience with denatured alcohol, M. Duptiys concludes his article, 
mentioned above, as follows: “But the most important cause is found 
in the applicidion (in Germany) of the princijjle of co-operation. The 
syndiciitc of agricultural distillers, which controls 80 j)er cent of the 
otitput, sells its entire product through a single agency—the Ccntrale 
fur Spirilu.s Verwerthung (office for the sale of alcohol)—established 
in 1890. The commercial organization of this company is in m.any 
ways remarkable; it has succeeded in assuring to tho manufacturer 
a satisfactory profit, and to tho public a condition which in France Is 
still a thing to be hoped for in the future, namely, a low price for 
alcohol.” 

The American Diesel Engine.—In this comparison of alcohol for 
power purposes with the usual liquid fuels, the use of which has been 
perfected after a long period of experiments, it is also of interest to con¬ 
sider the Diesel engine, which uses crude petroleum or fuel oil. This 



308 


DENATURED OR INDUSTRIAL ALCOHOL. 


engine is a practical heat-engine, in which no system of igniting or mixing 
device is ust'd, and it has met with deserved success, in Fig. 156 is 
shown a 22r)-hnrse-power triple-cylinder Diesel ('iigine. The action of 
this engine is on the four-stroke or Otto cycle, which has been already 
explaiiK'd in detail under the title of “Otto Alcohol-engine,” at the 
beginning of this chapter. 

The Die.scl engine differs from all previous internal-combustion engines 
in compressing a full charge of air to a point abo^'e the igniting-itoint of 
the fuel, whether liquid or gaseous, then injecting this fuel for a certain 
period (variable according to load) into this red-hot air, where it bums 
with limits of pressure and temperature under perfect control. There 
are no explosions as in all otlnw g.as- or nilH'ngiue.s, but steady combus¬ 
tion at predetermined, much lower temperature and without es.sen- 
tial increase in pre,ssure, the combustion line being practically an 
isothermal. 

A small petroleum i)ump lifts the fuel into the chamlx'r. A special 
comjwessor serves to compress air to inject the fuel and to store a surplus 
in an air-tank for starting the engine when eold. The fuel used is the 
common fuel oil or crude oil of Pcntisylvania, Texas, or California. In 
■speed regulation for sudden changes of load the Diesel engine will show 
a control equal to the best types of automatic engines. An extremely 
sensitive governor controlling the quantity of fuel injected for each 
stroke regulates the heat and therefore the expansive power of the air 
which is its medium. 

The first experiments in 1893 by Rudolph Diesel, an eminent engineer 
of 'Muui(di, Germany, had in view mainly small machines, and these were 
more properly called by the appropriate n.amc of motors. As more 
extended and complete experiments were made, the sizes have increased 
up to 450 horse-power, and 750-horsc-power units are about, to be 
placed in construction. 

The compression of the air for the fuel mixture in the cylinder of 
this engine reaches 800 pounds per square inch, and is cooled before 
introduction to the fuel-valve, which opens and a charge of liquid fuel 
mixed with this compressed air is blovm into the already red-hot air in 
the cylinder. 

After the fuel needle-valve closes, the hot gases expand until the 
piston has traveled 90 per cent of its stroke, when the exhaust-valve 
o])ens to relieve the pressure before commencement of the next upward 
or exhaust stroke. The pressure at opening of the exhaust-valve for 
normal load is generally 35 pounds per square inch and the temperature 
about 700° Fahrenheit. 
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The alwoliite efficiency claimed for this engine is about 28 per cent, 
and in their larger units an absolute efficiency of 30 per cent is t he standard 
performance and is frequently excelled in jjractice. In calculating the 



Fig. ir)f). -- 22.'5-liorse-powor Triple-oyliiider Diesel Engine as inslalled in 0;^ hiKj't 
and Power Plant of tlie German Tyrolean Alps. Exhibited at the Worlds 
Fair, St. Louis, 1904. 


efficiency of tlie Diesel engine the losses as actually found in tests made 
on a 20-horse-j)ower Diesel motor in New York were taken. This is a 
very high efficiency. With these engines in large sizes the heat losses 
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yirough the cxhaust-gasea can in many cases be largely reduced by 
utilizing this heat for heating water or for producing steam for the heat¬ 
ing of workrooms or for various mechanical jmrposes. In case of the loss 
of beat lo the cooling-water, it may be said such heated water can be 
used for the.sc .same purposes, it being a question of temperature and 
quantities whether these two sources of such heated water arc to be 
separately utilized or first combined. With these engines no difficulty has 
been experienced in operating alternating-current generators in parallel. 
By the use of such a cheap and universally obtainable fuel as crude 
petroleum or fuel oil, and in the case of siudi large horse-power units, 
this Diesel engine passesses special and unique advantages in the field 
where conditions call for such a type of engine. The larger the size 
horse-power used in these engines the more heat is generated from the 
two causes above mentioned. The conditions sho\ild therefore be sucli 
that this heat can be profitably utilized on a large scale, as has Ijecn 
pointed out above, so as to reduce the heat losses to the lowest possible 
point in the use of these engines. As the engines are of the stationary 
type, and are tending more and more to larger sizes, they do not con¬ 
flict with portable alcohol-motors and alcohol marine engines in sizes up 
to 50 horse-power. The same may bo said of engines for agricultural 
purposes or for individual uses in cities, where the odor of the (exhaust ■ 
gases from crude petroleum or fuel oil may be objectionable, and where 
other factors may determine, in case alcohol can be obtained at a low 
enough price, that the latter type of engine should be used. 

The Mietz & Weiss Kerosene-oil Engine.—It Is of interest to also 
consider kerosene oil as a fuel for power purpose.s in this chapter in 
comjiarison with alcohol. For this purpose the following interesting test 
from the Engineerimi News of September 15, 1904, Vol. Lll, No. 11, is 
taken: 


TESTS OF AN OIL-KNGINE WITH STEAM INJECTION. 

A test of a 15-H.P. engine of this type was conducted in the testing 
department of Mietz & Weiss, of New York, by Me.ssrs. Charles Win(^ 
burgh and S. J. Goldwater. An abstract of these results is given 
below. 

Fuel—The fuel used was ordinary American kerosene oil. Analysis 
showed the composition to be 

Carbon, 84.98 parts; 

Hydrogen, 15.02 parts by weight. 
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The available B.T.U. per pound found by means of the calorimeter,, 
calculated to represent the heat available in the engine, was 18,520. 
Abstract from Table 1. Summary of data and results: 


Number of run. 6 

Approximate load.Full load 

Duration of run, hours. 2 

Oil pints, total. 32.01 

Jacket-water, total, pints. 79.48 

Revolutions per minute. 283..5 

Explosions per minute. 283.5 

Brake-load, pounds, net.2.30.3 

Ratio air to oil by weight. 32.4 

Specific heat of exhaust-gases. 0.244 

Maximum pressure, pounds per sq. in. abs. 185 

Compression pressure, pounds per sq. in. abs. 114 

B.T.U. per D.H.P. per hour.16,000 

Thermal efficiency from I.H.P., power end. 0.209 

“ “ “ “ net. 0.193 

“ “ “ D.II.P. 0.159 

Maximum thermal efficiency. 0.445 


Fig. 157, p. 312, shows a general view of the Mietz & Weiss kerosene- 
oil engine with evaporating-jacket. Fig. 158, p. 312,gives a longitudinal 
vertical section of the same engine. The starting of this engine is effected 
as follows: The engine being in good working order in every respect, the 
kerosene-tank is filled. The water is then turned on to the water-jacket 
of the cylinder. By means of the kerosene blue burner furnished with 
each engine the combustion-chamber is heated externally for a few 
minutes to the temperature necessary for combustion. The combustion- 
chamber is indicated at 7 in the cut. The air needed for the explosion 
charge is now admitted to the cylinder and compre-ssed by a throw of 
the engine fly-wheel by hand. The charge of oil is now introduced into 
the combustion-chamber by the hand-lever of the oil-pump. An explo¬ 
sion occurs, the engine starts up, and after this runs automatically. 

The kerosene blue burner, furnished with each engine for the external 
heating of the combustion chamber, Ls sljown in Fig. 158, p. 312. The 
use of alcohol in this make of engine compared to kerosene has already 
been discussed under the preceding section entitled The Mietz & Weiss 
Alcohol-engine. 

Endurance. Test of the Kerosene-oil Engine—The kerosene-oil engine 
gives a satisfactory record for continuous work with but little cost for 
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• In a me coming under the personal notice of the author, such 
repairs. In a case com g average per day 

an engine u.sed for pumping wa e ‘ g gallons. The average 

fora year. One revolution of the pump=S.S U. t>. ganon* 



Fm. 157.-'l’he Miet. & Weis. Uinid,-coupled Kero.-ne-oU Engine and Generator. 



number of gallons 
number of gallons 


of water pumped per day was 91,048. The average 
of oil used for pumping per day was 83. 
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This engine has run for seven years without repairs except a new 
cap for the combustion-chamber. This was originally made of cast iron, 
but this cracked and one made from cast steel was .substituted with very 
satisfactory results, it being free from this defect. The combustion- 
chamber .showed some deposit of soot, but required cleaning only at 
infretiuent intervals. Altogether this engine proved to be a satisfactory 
and economical source of power for this ])urpose. 

I.Jhe Gasoline-engine and its Adaptation to Alcohol.—In Fig. 159, 
p. 313, is shown the regular 50-horse-powcr gasoline-engine as made by 
The Foos Gas-engine Company. In starting their small-ske types of 
engines, all that is necessary is to throw the switch in contact, open the 
fuel-valve to the proper starting-point, and revolve the fly-wheel so as to 
complete the four-s roke ycle, after whi<'h an explosion is obtained and 
the engine lakes its charge automatically until the rated speed is attained, 
at which the governor takes hold and either throttles or cuts the charge 
out entirely, according to w'hich type of governor is u.s('d. 

To start their Inrger-size engines the switch is thrown in contact, the 
fuel-valve and crank propc'rly .set, and by means of compressed air the 
first four-stroke cycle is compk'ted, after which the oix'ration of the 
engiiK' is the same as just described for the smaller sizes. These engines 
also start easily in using alcohol and run right along on alcohol. When 
milking tests of (>ngines to be recorded at their works, this company 
usually give tin endurance ti'st of about ten hours. 

They have made more elaborate efficiency tests in connection with 
gas. but have also made a number of minor tests with gasoline. They 
find that the brake thermal efficiency ranges on their engines from 18 per 
cent to 28 per cent, the maximum liaving been obtained from a 50-horse¬ 
power engine operating on gas. Their experience has Ix'en that, owing 
to gasoline bi'ing drawn into an engine in a liquid state, the thermal 
efficiency obttiined is not as high as when the same engine m using 
gas. 

The indicated efficiency ranges from 23 per cent to 33 per cent. The 
average mechanical efficiency Ls 87 per cent. The 50-horse-power 
gasoline-engine shown in the cut is fitted with a combination fuel- 
valve. 

The Foos Co., can furnish these engines so equipjjed that they can be 
used with either gas or gasoline, changing from one fuel to the other 
without stopping the engine, but do not furnish this type as a regular 
equipment. 

On the smaller sizes of these engines a horizontal pump is furnished 
and with this exception all sizes arc built in the same way as in the case 
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of the regular 50-horse-power engine shown in tlio cut. This engine 
operates on gasoline, naphtha, distillate, etc. As nearly all the principal 
working parts are assembled on one side, the engine can be installed to 



the best adv.antagc and free access bo had to the devices for regulating 
speed, fuel, and air-supply, time of ignition, and for starting the engine. 
Such .advantageous features are, however, usually furnished by all the 
leading engine manufacturers. From letters from users of these engines, 


Fig. IGO.—Patent Revolving Wipe-contact iillectric Igniter for the Foos Gasoline-engine. 
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covering a long period of years, it is seen that the endurance Bud length 
of life of these engines is extremely satisfactory. 

The ignition system of the Foos engine is shown in Fig. 160. It 
consists essentially of a patent revolving wipe-contact electric igniter 
with two independent electrodes, the stationary and revolving, each 
carrying a steel point, the two coming in contact each time a spark is 
necessary. The electric spark Ls the only mode of firing which can be 
used with all kinds of fuel, accurately timed, and which can always be 
relied upon to enable starting the engine upon a moment’s notice. 

In tlie cut shown, the revolving l)lade A, coming in contact with the 
spring B at each rotation, emits a large electric spark of high tempera¬ 
ture. while at the same time the wiping contact of the two parts removes 
any burnt carbon or scale, preventing the incrustation of their edges, 
which in ordinary constructions is the cau.so of so much trouble. This 
rubljing action keeps the points of contact brightly polished, and thus 
insure.s continuous and cvem ignition. A large contact surface is thus 
ensured, a point of much importance, and any needed adjustment for 
wear is easily made, while the blades can l.)e quickly renewed at trifling 
cost. 

On the larger Foos engines the time of ignition can be adjusted whik' 
the engine is in motion by turning the thumb-screw C on the end of the 
igniter-rod, and this is used also to retard the impulses in starting up, 
which avoids any possibility of the engine .starting b.ackward. The 
igniter Ls situated in the inlet-valve E, as shown in Fig. 101. Its 
location thus exposes it least to the heat of the cylinder, and the ignitei-s 
blades being in the direct course of the incoming charge arc cooled by 
every fresh intake of gas and air entering the cylinder. The spark is 
tines ]iroduccd where the mixture is the purest and most easily ignited. 
Either jiart of the ignitcT can be removed indeiK'udcntly and the action 
and spark inspected by simply removing the cap F. 

The inlet- and exhaust-valves of the F’oos engine are shown in Fig. 
161. These valves belong to the vertical poppet type, and are stated by 
this company to be far su])erior to the horizontal poppet-valves which so 
often leak by reason of their not seating properly on account of the wear 
on their stems and guides. 

The inlet-valve E and exhaust-valve D arc in separate castings, which 
are thoroughly water-jacketed, attached to opposite sides of the cylinder, 
and communicate by large ports with the combustion-chamber C. It is 
not necessary to detach the castings to remove the valves. The inlet- 
valve can be taken out by simply unscrewing the plug F and the exhaust- 
valve by unscrewing the plug H. 
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Suction in the cylinder is not relied upon in these engines, as in case 
of most engines, to open the inlet-valve. It is lifted positively by a lever 
A and closed by its own weight and by a strong spring B. ThLs company 
state that suction-valv(« arc usually enclosed in a easing in the cylinder 
or head, where they soon beciome distorted and distroyed by the heat. 

The inlet-valve being opened by the cam, there is jwactically no 
vacuum to prevent the cylinder being tilled with the charge at atmos¬ 
pheric pre.ssure, and it not l)eing closed until the jffoper point in the 
stroke assists in preventing the vacuum suggested. 



Fig. 101.—The Inlet- and Exhaust-valves for the Foos fla.sollne-engiiie. 


The fuel-valve regulates the supply of fuel and is positive in its action, 
like all the other valves in this make of engine. 

In these engines the piston passes over no ports and is free from the 
destructive friction occasioned by the improper lubrication and loss of 
efficiency caused by such construction. 

The valve-gear is oireratcd by steel cams driven by machine-cut 
gears of a form indicating the highest efficiency. By adjusting with a 
common wrench the screws carried by the lift-levers A, any wear or loose¬ 
ness in the valve mechanism may l)e quickly and wholly taken up. 
t 
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With regard to the percentage of clearance space in these Foos gaso¬ 
line-engines in which the cylinder-bore ranges from to 16 inches, the 
ratio of the combustion-chamber to piston displacement varies from 34 
to 40 per cent for gasoline, while for gius this iKjrcentage runs from 22 to 
28. In this engine there are no working parts in the cylinder-head. 
Conseqiiently the clearant* is decreased behind the piston by simply 
casting a cylinder-head in which there is a projection that extends into 
the counterbore of the cylind(!r; the only eliminating point is a place in 
which a greater compression would be a detriment. 

In reference to the use of the Foos engine with alcohol, this company 
state that they are still experimenting on this line. They have, however, 
reached results which warrant them in saying that their engines, when 
used with this fuel, will start easily and run right along on alcohol just 
the same as on gasoline. 

Comparison of the Economy of the Steam-engine wth Other 
Types of Engines.—Before making this compsirison we will discuss 
the economy of steam as a source of power by itself. The use of steam 
as a source of power and the construction of the steam-engine are so well 
known that a brief description of its usi's is all that is needed in this 
respect. By passing steam under pressure through the cylinder of a 
steam-engine the energy represented by the expansive force of the steam 
is availed of for useful work. 

In order to do this the back or exhaust valve of the cylinder is set at 
the least number of pounds pressure above that of the atmo.sphero as is 
possible for economical use of th(‘ steam. Such back pressure is varied 
according to conditions and circumstances. A simple engine is one in 
which tlie .steam is exiiandcd but once. The steam is usually admitted 
into the cylinder at from SO to 100 lbs. pressure [jer square inch and ex- 
hamsts or leaves the cylinder at about 2 to 3 lbs. pressure unless the 
exhaust-st.‘am is used for heating or manufacturing purposes. After 
the steam has expanded in the cylinder as described, it has lost the 
greater part of its pressure and is allowed to escape by the exhaust-valve 
as mentioned. This valve i.s usually set so that about 2 to 3 lbs. pres¬ 
sure is left in the exhaust-steam. 

In order to economize or use the heat left in this exhaust-steam 
various methods are used according to circumstances. In some manu¬ 
facturing establishments where a considerable amount of hot water is 
required this exhaust-steam can be used to heat such water. By a device 
called a feed-water heater, such exhaut-steam can be used to previously 
heat the water used for the steam-boilers. The water obtained by this 
condensation of such exhaust-steam is incapable of being used except 
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for purposes where the presence of traces of oil from the cylinder of the 
engine will make no difference. There is, however, so much waste in 
using the simple type of steam-engine that in order to more fully econ¬ 
omize the, heat left in the exhaust-steam mentiom^d much more effective 
typ(S of steam-engines have been invented. One of these typos is the 
siinph; condensing-engine. The economy de.rived from the use of this 
type is effected for the reason that a greater immlx'r of expansions is 
obtained than in the non-condensing engine, and the temperature of-the 
escaiiing steam is very much lower. 

In one of these (ypes of engines the steam is expanded twice—once 
in the high-pressure cylinder and again in the low-pressure cylinder- 
after which the exhaust-steam is condensed, ftuch an engine is <'alled 
a compound condensing steam-engine. They are Iniilt both in vertical 
and horizontal design. By condensing the exhaust-steam from the lovv- 
pros.sure cylinder a vacuum is obtained of some 27 iuidies, thus rendering 
very effective the exhaust-steam from the high-pressure cylinder after 
it passes into the low-pressure cylinder, there to lie again expanded. 
TIk^ water heated by condensing the exhaust-steam from the low-pre.ssure 
cylinder, if it can bi; used, repn'sents a still further gain in economy. 
Another tyjK' of such engines is the triple-ex)jansion steam-engine, in 
which the steam is e.xpandcd thre(' times, after which the steam is con¬ 
densed as described. In a compound-condensing engine the steam is 
admitted at a pressure of 125 to I.'iO llxs., and ('xhaust.s into the 
low-pressure .side or cyliinh'r at a ])res.sure of 5 to 10 lbs. In the 
triph'-expansion type of engine the steam is admitted to the first high- 
pressure cylind(‘r at 105 to 200 lbs. per square inch of pressure, to the 
second cyrmd(!r at 51) llis. pressure, and to the third at 5 to 10 lbs. 
press\ire. 

The economy of using steam in engines is .still further (mhanced by 
several other mctluKls, which arc as follow’s: The flue-gases from the 
boilei-s are made to give uj) .some of their heat by passing them through 
a so-called “economizer.” This api)aratus, or economizer, consists of a 
series of iron pipes filled with circulating water which absorbs heat from 
the escaping gases from the boiler-furnace on their way to the chimney 
and thus raises the temiJcrature of the feed-water. This hot water so 
produced can Iw at once used in the steam-boilers. The water heated 
by condensing the exhaust-steam from the engine can Itc used for various 
purposes about the manufacturing plant where hot water is required. 
The heat in the exhaust-steam from the feed-pumps and the steam- 
cylinders of the condenser is made use of to heat the feed-water for the 
steam-boilers. 
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A few figures sliowing the comparative total coal consumption in 
pouiid.s, tlic fixed charges on i)Iant at 11 i)er cent, cost of attendance, 
cast of plant per horse-power on these various lyi)e.s of engines will 
demonstrate very clearly the advances along the lines of economy in 
operation and maintenance which have been made. These comparative 
figures arc .sliown in the table submitted herewith. It is a promising 
attempt to seemre a unit of cost in the comparative expense of steam as 
a source of power. 


* Taui-e ok Yeaui.v Cost of Steam-power with Fairly Steady Load, 308 Days, 
10 Hours I'ER Hay. 


Typf of HnKwie. 


Horse¬ 
power of 
Engine 


Cost of Plant 
1.CI il P.. 
including 
ItuihlniKs 


Engine and lioilereoinliiuod’ 
Simple non-condensing ... 


10 

10 

20 

30 

75 


$7(> (K) 

m 00 

130 00 
11-1 00 
72 (M) 


Simple condensing. 
n n ^ 

(I* it 

it < ‘ 


Compound condensing.. 


10 

20 

30 

73 

10(1 

100 

.300 


103 00 
143 00 
IIS (M) 
SO (K) 
71 00 
03 00 
03 00 


1000 .33 .30 

2(1(K) .30 00 



'I'cital Coal 
(’ou.suniplu)ii 
m I’oumlh 
per It 1*. 
per llimr. 

h'lxed 
Charitcs on 
rlaiil 111 

11 I’er Cent 

7 00 

$83 00 

7 00 

209 00 

,3 2.3 

30,3 .SO 

4 .30 

370 20 

3 .30 

.394 00 

0 00 

212 30 

4 OH 

314 00 

3 91 

:489 40 

;{ 03 

GOO 00 

2 7.3 

781 (HI 

2 2,3 

1023 00 

1 7.3 

340.3 00 

1 7.3 

.388,3 00 

1.7.3 

11000 00 


Cdst of 

Altend- 

auve 


$1.37 00 
1.37 00 
200 00 
201 00 
470 00 
1.37 00 
200 00 
201.00 
470 00 
.3.S7 (Ml 
770 00 
1004 00 
30S0 00 
4020 00 


• Tins laOie was compile! hv Mi. f'liaile. T Mam in January, 1SU8. anil with iluc allowances 
for the rise in prices of piicmea anil Imililmg imilenals Hiiice that date it is aubslantially correct 
at the present tone. Mr. Mam is a mill ensmecr of ISoston, Mas.s The table has been very kindlv 
contributeil by him. The coniplelo table, of whieli the above is a part, is not Eiven, as it w 
unnecessary to do so for the scope of compalisons made by the author bl4ow. 


On tiio simple engines above one man attends engine, fires boiler, and 
is supposed to do other work besides. 

On the lO-horse-power plant one fourth of his time is charged to 
attendance and throe fourths on the 100-horse-power plant. 

On the compound eonrlensing-ongino one man at .Hl.'i per week is 
charged up to the 100-horse-power engine; one man at $15 per week, one 
man at 112 per week, and one man at .$6 per week are charged up to the 
500-liorse-povvcr engine; one man at .$I<S, two men $24, and two men 
$18 per week are charged up to the lOtKWinrsc-power engine; one man 
at $24 per week, four men $48 per week, and two men $18 per week 
are charged up to the 2000-horse-powcr engine. 
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The -wastefulness of the small type of steam-engine of the simple non- 
condcrLsiiig type is strikingly illustrated by the above table, as well as the 
great eeouomy resulting from the use of the large-.size condensing types 
of engines already mentioned. Roughly speaking, the waste entailed by 
using the small siz('s of non-condensing steam-engines is fully 25 per cent 
over that of the larger sizes of condensing-engines. 

From what has Iwen said concerning the usual type of small-sized 
non-condensing steam-('ngines, and also from the probability that sizes 
of from 10 horse-power to 50 horse-power of alcohol-engines will be used 
at first in the United States, and also for the reason tliat the steam- 
engine possesses only about one half the thermal eHici('ncy of the internal- 
combustion tyi)e of engine, it can be .seen that thereexists a wide field for 
the stationary tyj)e of alcohol-engine. The extent of its use will largely 
depend ui)on the selling price of the denatured alcohol. No steam- 
boiler is required for the alci)hol-cngine. The cost for attendance' is 
small compared to that required in th(>, c.ase of steam-engines of equal 
size horse-power. The portability of th(> above sizes of alcohol-engines 
enables them to be easily .set up and used, for instance, about 
the farm. The above reasons all point to the probability of those 
engines being largely used in the United States for agricultural power 
purposes. 

The fact that the fire under the steam-boiler must 1)0 constantly 
maintained so as to be ready for power demands at a moment’s notice 
makes the fuel cost under conditioiLS where intermittent power is wanted 
quite excessive. This is not the case with the alcohol-engine. When the 
engine stops the use and the co.st of the fuel also stops. 

In comparing the economy of the steam-engine with those other types 
of engines (internal-combu.stion engines) for the purposes of electric 
lighting and large development of power for manufacturing purposes, I'tc., 
it is still recognized that the great uniformity and reliability in the per¬ 
formance and endurance of the steam-engine, as well as its economy in 
the large sizes of the condensing types of engines mentioned, entitle it 
to very favorable consideration as a prime source of power Whether 
the rotary or turbine type of steam-engine will supplant the older recip¬ 
rocating types in large-sized steam-engines is a feature that necessarily 
does not call for discussion in this book. 

It may, however, be remarked that even the present types of internal- 
combustion engines are still built upon the design of the reciprocating 
type of engine, and it would seem, as has been pointed out by Warren 
in his article, “ A Combination of Pressure Generator and Rotary Engine,” 
published in the Engineering Magazine, February, 1904, that ‘‘in the 
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present state of development of the internal-combustion engim* it is 
undoubtedly tnio that the gain in thermal (efficiency shown by the 
internal-combustion type of engine over the st(>am-enginc is prac¬ 
tically offset by the mechanical limitations and disadvantages which it 
presents.” 

It ha.s long ago been recognized that we are far from obtaining with 
the steam-engine the full mechanical equivalent of heat, even when 
working under the most favorable circumstances. Even with the most 
economical types of steam-engines only some 15 per cent of the power 
of whici) the fuel is capable Ls obtained. To find a more economical 
means tlian this of converting heat into mechanical effect is one of the 
great problems of the present age. 

The Gas-engine Compared with Other Types of Engines.— In com¬ 
paring otlier t 3 'pes of ('iigiues with the simjile gas explosive type of 
engine it ma.y Ix" mentioned at the start that the gas-engine was 
the jiioueer in this tyjie of power producers, the Otto gas-engine, or four¬ 
cycle engine, the princijiles of which are described in this chapter, as used 
for alcohol, gasoline, and kerosene fuels, being one of the earliest and the 
k'ading engine of this kind. 

Whe^re natural gas or blast-furnace gas can be availed of the gas- 
engine is vei}' economical to use. It is also used largely in cities where 
cheap illuminating-gas can be procured, and such engines are also now 
furnished and run with their own small gas-producer plant for the sim¬ 
ple and economical production of coal-gas for such purpose. 

* At the rec(;nt mi'eting of the Iron and Steel Institute in London, 
July 24-2(i, ItKKi, attended by American and Continental electrical 
engineers, it was stated that there were ordered by (hirman iron-works 
and collieries, from .March 1 to July 1, 1906, 31 gas-engines of about 
30,150 horse-i)ower, and that of forty-nine German smelting-works 
thirty-two had already gas-engines at work and nine had ordered 
such engines. There were at work 203 engines of about 184,000 horse¬ 
power, and in course of erection and (,n order 146 engines of about 201,- 
000 horse-power, making a total of 380,000 horse-power. 

The recent gas-engine development since ltK)2 described above, includes 
large-sized engines, of from 500 horse-power to 2.500 horse-power, and 
their use is largely local for the reason that shipyards, steel-works, and 
plants requiring large powers make iLse of .such engines. In some of the 
shipyards in Glasgow steam-power has Ix'cn largely supplanted by gas. 


* From tlie Iron and Coal Trades Review, Friday, July 27,1906, sent the author 
by the Secretary of the Iron and Steel Institute of London, England. 
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which is generated by a special “producer ” plant whose waste products 
are said (o be recovered and sold. 

In steel-works where the iron blast-furnaces, rolling-mills, etc., can 
be assembled this source of power ]ironiLse.s to be of great importance 
and effect considerable economy. In the (ai.se of waste gases from iron- 
furaees and gases from eoke-oi'ens there will 1 k' rendered available sources 
of power for the elu'ap generation of electricity where local conditions 
seem to warrant. 

It will thus be recognized that the gas-engine is to become of vast 
im])oi'tanee in a siiecial field, and in such large sizi's under such unique 
conditions that alcohol cannot become a competitor for producing power 
along Ihesi' liw's. As such development will be largely local in its charac¬ 
ter and in larg('sizes of engines, it will not conflict with the smaller sizes 
of e\|)losive engines used throughout this country, in w'hicli class alcohol 
will probably find its first large {'luployment if the price is suirieiently low. 
A fui'ther reason for calling attention to the gas-engine is b(‘cause its 
prineiph's of working have bc'c.n largely followed by the internal-combus¬ 
tion or explosive engines, using these other fuels which we have discussed. 

It is (‘iitirely In-yond the seoire of this book to attempt any extended 
explanation of how the different t(\sts showing the efficiency of gas-engine's 
are made, as the mathematics involved and the complex and intricate 
procedure adopted predude any such treatment of this phase of th(! 
subject. 

Outline of the Methods Used in Testing Internal-combustion 
Engines.—It will, however, be of interest to sketch in outline the 
theory of tlie methods used in the testing of (mgines of this type. We 
will say, therefore, that the object of the test is to find that fractional 
part of lieat sui)plied in the fuel which is realized in useful work n'halnvr 
fuel IK vKcd. In order to do this we have to determine the input and 
output. 

In the ease of input the measurement is ttc cubic feet or tiK’ighl of fuel 
used for a given lime and its heating cxifacitg. 

In the case of output the measurement, is (a) power dneloped in the 
cylinder. This is obtained from indicator-card.s which represent the his¬ 
tory of the pressure at each point of revolution, and from the average 
pressure thus ol.)tained, together with the dimcn.si(jns of the engine and 
the number of the revolutions, the power may be computed and is the 
indicated horse-power. (6) Pmoer delircred at pulley measured bi/ brake or 
electrically, and is the brake horse-power. The ratio of these different 
quantities, representing the fractional part of the heat in terms of power 
utilized, are termed efficiencies. 
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The imlifatcd offieiency = 
Tlie brake cffieieney 
Tile iiieeiianieal cfFicieney — 


ImlieaU'd horse-power 
Input 

Brake liorse-jiowi-r 
Input 

Indicated liorse-powcr 
Brake horse-power 


As a standard of reference we use the ediciency which would be ob¬ 
tained in a “perfect ” or ideal sas-enRine, i.e., an engine undergoing no 
toss of lu'at and no loss of jiower through friction. 

Without going into the tiiiitheniatics necessary to prove the problem, 
it may be stated that the ideal thermal or heat ('fficiency depends solely 
upon the jiroportions of the engine and not at all upon the nature of the 
fuel used. 

Thus let PD ^ the volume of piston displacement 
and C = the volume of clearance .space, 

that is, all the space left lietween the jiiston and cylinder-head and gas- 
ports ttp to the valve, then the efficiency is given by the formula 

Efficiency=l-(^-^^)'. 


To find how nearly the actual engine approaches the ideal conditions 
Tve have only to divide the actual efficiency by the ideal efficiency, which 
is e.xplained as follows: 

Actual elficicncV ^ 

input 

Output=I.H.P. 

Input=the total heat of combustion of the burning fuel (alcohol or 
any fuel). 

Both output and input must be expressed in the same terms or units. 
To change British thermal units to foot-pounds multiply by 778. 

As an example of the calculation of the l)est po.ssible efficiency of an 
engine using alcohol compared to the ideal or theoretical efficiency, we 
give an alcohol-engine (the Otto or Dentz engine) possessing 18 per cent 
clearance. Then the piston displacement being 100 per cent, by loga¬ 
rithms, we find 



326 


DENATURED OR INDUSTRIAL ALCOHOL. 


LogC'=i()sis -.i.2r)r)3 

Log {PD+O^log (100 + 1.S)-2.0719 

Subtract - 

9.J834-10 

.4 


Log 3.07330-4 


--9.0731-10. 

Number corrwpondiug—0.4714, 

LJ= 1—0.4714 (number correspomling)—02.9' ,, efficiency. 

In the case of a similar size lior.s('-po\vcr (Otto or Ih'lifz) gas-or gaso¬ 
line-engine tile clearance is 28 per cent. In this case the best pos.sible 
cllicieucy calcul.ates to 4.5.f)'h. 

'file American Diesel engine has 7 jier cent clearance including valve- 
ehanibers, and the Ix'st jiossible efficiency calculates to 00.4' , , but is 
not realizixl in (iractice. The l)ies(4 cycle is supposed to depart some¬ 
what from the Otto cycle so that its theoretical efficiency would be higher. 
To find the theoretical tempi'rature after compression wo calculate it 
from the equation 


T-1273° F. 

We assume, for the purjioses of calculation, that the initial tempera¬ 
ture 7'Q = fi(KI° Fahr. absolute, as was found in one case, although this 
value should Ix' first determined in the case of any actual e.xjieriment 
and test. Jly calculation, as follows, we obtain the value of T, assuming 
adiabatic compre.ssion (no heat In’ing given out or taken in) of a perfect 
gas; the relation between temjierature and volume is shown by 

Applied to the Deutz or Otto alcohol-engine under consideration, with 
IS {XT cent clearance, we have 


PD+C=i’o = 118 
C=i) = 18 

To=600 (by assumption as explained above). 
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r=To 

\i’/ 

log ro=l()g 118^2.0719 
log i; = log 18=1.2553 

0.8166 

.4 

0.3266 

log To^log 600 = 2.7782 

3.1048 

7’= 1273° F. ah'foliite tomporature, 

461° aUsolute zero. 

1= 812° F. 

The temperature of the eharge has thus l)een increased from 139° F. 
at admission to 812° F. at tlic end of compres.sion. or 673° F. 

Wlieti ignition oc'cur.s there 'will bo a furtlu'r increase in tempera¬ 
ture du(! to heat of combu.stion. The theoretical value of this a-ssum- 
ing no lieat loss and instantaneous combustion ■would be 

H.T.U. evolved bv combustion _ ( Degrees increase 

Spci'ilic lieat at constant volume of gaseous mi.xturc (in teniperature. 

This is never realized because of heat losses and becau.se the combus¬ 
tion is not instantaneous. What this theoretical iiicrea.se would be for 
alcohol can be computed by assuming weight of fuel jut revolution, heat 
of combustion, and pi'rcentage mixture. The actual or initial tempera¬ 
ture iiK'iitioned above at admission of the fuel charge must be deter¬ 
mined by experiment, as has been said, and will vary with quantity of 
charge, ..izi' and speed of engine, mass of metal, etc. To guard against 
preiguition the actual temperature must not exceed that at which the 
.sulistance will burn, and such temperatures have to be determined by 
actual experiment. 


STTMMAKV OF CHAPTER VIIT. 

In a general way it can be stated that the clearance in the cylinder 
depends upon the nature of the fuel and also on the size and speed of 
the engine. 

Thus for each engine there is a definite clearance which gives the 
maximum economy for any given fuel and speed. For power installa¬ 
tions this must be taken into account, but for smaller engines, such as 
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itre used in ;iiitomobile.s, where economy i.s a secondary consideration, 
some de\'iation from the t)eat clearance Is permissible. Thus without 
much loss of economy it might be possible to burn alcohol in a motor 
dcsisincd for some other fuel. 

In the Otto gas-engine the average consumption per horsc-pow'cr per 
hour wlieii using illuminating-gas of ai)])roximately 650 B.T.U. is IS 
cubic feet, with natural gas about 12 to 15 cubic feet, according to the 
cjuality of tlw' gas, and with producer-gas about 100 cubic, feet. The field 
for each of these types of engines we have described has In-cn pointed 
out and such comparisons as can be made in a book of this scope have 
been given. 

'i'he question of the standardization of dematured alcohol in the 
I'iut('d States for the jiurposes of power has still to bo solved, although 
the presence of about 15 per cent, V)y weight, of water would ai)pear to be 
the lowest usable quality for such use. This strength of alcohol is about 
JS()° U. 8. ])roof. 
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liNITICD S'l'ATlOS REGT'LA'I'IONS AND INSTHITTIONS CON- 
(’ERNINC 'I’lIK DENATERATION OF AIAIOHOL AND THE 
IIANDLINC; AND FSI-: OK SAME UNDER THE ACT OF CON¬ 
GRESS OF .lUNl'; 7. ]iH)0. 

UEdrLVTioNs No. 30, U. S. Internal Revenue. 

Sec’. 1. TliP following rogiilations arc issued pursuant loan act of thof’ongress 
providing lor the \Mtlidra\\al troin bond, tax in'c, of doiuestic alcoltol to lie ren¬ 
dered unlit ioi iK'verage or liipiid niedieinal uses liy tlu; admixture of denaturing 
iiiateriiils. 

'I'he acl in ^juestion is as follows: 

“/>V it cniiclal hif the Senate ami Home of Reprexeniatwes of the llrnteil Stalrx of 
Anienea in Comin.sx axxemhleil, 'j’liat from and after .lanuary first, nini'teen hundred 
and scvi'u, domestic alcoliol ol such degree of jiroof as may lx* prescrihed hy tlio 
(^imiiossioner ol Inteliial Ki'vmiue and approvi‘d hy the Secretary ol the 'I'reasury, 
may Ik* witlui.awn Irom bond without the payment of internal-revenue tax, tor 
use in the arts and in<luslrie'<, and loi iucl, liglit, and power, provided said aleoliol 
sliall ]ia\e been mixed in tlH‘ presence and under tlie diri'etion ol an authorized 
(lovermiKUit olheer, alter withtlrawal from the distillery wandiouse, wntli methyl 
alcohol Ol other (hmatunng material or materials, or admixture of tlie same, siiit- 
al)le to the for which the alcohol is witlidrawn, but which destroys its I'liaraeter 
as a l)<‘veiag<‘ and renders it unfit for Ihpiid medicinal purjiosc^s; such denaturing 
to be <lom; upim the application of any mgistered distillery in (lenatnring bonded 
warehousi's spi^eially d<*signated or s<‘t apart, for denaturing purposes only, and 
under eomht'.tins jin'senlxsl hy the (Commissioner of Internal Revenue with the 
apjiroval of the Si'cnUary of tlie Treasury. 

“The clitiraeter and rpiantity of tlie said denaturing material and the condi¬ 
tions upon wliieli said aleoliol may lx* withdrawn frc*c of tax shall l>e prescribed 
hy the (’ommissioiKT of Internal Revenue, who sliall. with the approval of the Sk'cre- 
tary of tiie Ti-easury, make all necessary regulations for carrying into ctTect the 
provisions of this Act. 

“ Distillers, manufacturers, dealers, and all other persons furnishing, liandling, 
or using alcohol witlidrawn from hond under the provisitms of this Act shall keep 
such h(Kiks and records, execute .such bonds, and mnder such n'turns as the ('om- 
missioiK'r of Internal Revenue, with the appro\ al of the Secretary of the Treasury, 
may hv regulation refpiire. Such IkkiUs and rt'cords sliall bci oj»cn at all times 
to the inspection of any internal-revenue offie<T or agent. 

“ Se{'. ‘J. That any p(‘rson w’ho witiidraws alcohol free of tax under the pro¬ 
visions of tins Act and regulations made in pursuance thereof, and who removes 
or conceals same, or is concerned in removing, depositing, or concealing same 
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for tltc piirj)osc of prcvonting the same from Ix’ing denatured under governmental 
KiiperviMon, and aiiy penson wlio u.^es aleoliol withdrawn from bond und<T the 
proviMons ol sertion one ul this Act for manufacturing any In-vorage or liipiid 
?nedicinal ]trc})aruti<)n, oi knowingly .sells any beverage or liipnd medicinal prepara¬ 
tion niiule in whole oi in part Ifoni such aleoliol, or knowingly violates any of the 
})iovision?> ol Ihi.s Acl, or who shall n*cover or attempt to recoviT by redistillation 
or by any other pi(»eess or means, any alcohol reiidmed unlit for beverage oi li<)uid 
nieihcmid ]nirj)os(‘s under liie provisions ol this Act, or wlio knowingly uses, sells, 
eouerah. or otherwisi- ilisposes ol alcohcd so leeovmeil or redistilled, shall on I'oii- 
viction ol each olfeiisi' lie tmed not, more than live thousanci dollars, or lie im- 
}>risoni‘d not moo' Ilian Ine years, or both, and shall, in addition, lorfeit to the 
I'niti'd Slab's all personal jiroperty usi'd in eonneetiou wilii his business, together 
with tlje buddings and lots or parcels of grouml consliluting the premisi's on which 
said niilawlul acts an* performed or permitted to be jx'rformed: /V^r/ded. That 
nianutactureis <'m})loymg proeessi's iii which aleoliol, usimI Iu'c ol tax umler the 
])ro\isioiis o) this act, is ex))ressi‘d or eva|K)rated Iroin the articles inanutaetured, 
shall Ik' permitted to r(‘COV<*r sueh aleoliol and to liave such aleoliol reslorcil lo a 
I'ondition suilabk' solely for ri'iisi' in maiiulaeturing jiroei'ssc's under such ri'gula- 
tions as the Commissioner of Internal Revenue, with the ajipnnal of the Seeirtary 
ol the Treasury, shall presciibe. 

“ Sec. 'I hat lor llie employineut of sueh additional force ol chemists, inleinal 
revenue agents, ins]M‘etois, deputy collectors, cleiks, laliorcrs, and other assistants 
as the Commissioner of Internal Revenue, with tlie approval ol the Secretary 
of the 'I'leasuiy, may deem jiropei and niMvssaiy to the juompt and ellicieiit opera¬ 
tion and <-nfoieement of this law, and lor th(' imrehase ol locks, st'als. weigliing- 
heams. gauging instruments, and lor all necessary exjienses incident to tlie pioper 
execution ol this law, the sum of two hundred and lifty thousand dollars, or so 
much tlicreoi as may he r<‘(|uired, is hereby apimipriated out of any money in 
tlie 'i'rcasury not otlu'rwisi' ajipiopriab'd said a])pro|»riatioii lo be uunn'diately 

available. 

“ For a jxTiod of two yeais from and alter tlie passage of this act th»‘ force 
authori/.ed by tins section ol this act sliall he appointed by the Comm'sMoner of 
Internal Ue\enue, with the ajiproval of the Socretarj' ol the 'I'reasnry, and without 
eom}>liaiu-e witli the eonditioiis prescrilied by tiie act entitled “An act lo regulate 
and im]>ro\e the eivil scrxice,” ajipioved Jamiarx' sixteenth, eighb'eii Imndred 
and eighty-three, and amendments tliereof, and with siu’li eomjieiisalum as the 
('oinmissioiicr ot Jiiteriial Ueveuue may lix, with the ajiproval ol the Secn'tuiy 
ol the Treasury. 

Sec. 1. 'I hat I he Seemtary of IIk* Treasury slmll make full miiorl to I'ongress 
at its next session oi all appointmi'nts nuule umler the ju-ovisiojis ol tins act, ami 
the eomjieiisutioii ]mid tliereumler, and oi all rc'gulations pri'seribed under the pro¬ 
visions liereof, ami sliall iurllier rejiort whal, if any, ailditional legislation is neces¬ 
sary, in his opinion, to fully salegiuird tlie revenue and to secure a proper eiiioree- 
ineiit of this act.*’ 

Api>rovcd, .hiiK! 7, 19()G. 


Paut I* 

DEXATfRINCi liONDKD WARKHOUSES. 

Sec. 2. Tlie proprii'tor of any n'gislen'd distiil(*ry may withdraw from his 
distillery warehouse, free ol tax, alcohol of not less tlian ISO degiX'cs proof or 
strength, to be denatured in the manner hereinafter prescribed. 

A distiller de.siring to wiilidraw alcohol Irom bond for denaturing purtiosos 
umler the |)ruvisions of this act shall, at his own expcnsi*, provide a denaturing 
bonded warehouse, to be siliiati'd on and const ilutiiig a part of the distillcrx' juvmisi’s. 
It shall lie separated from the distiller^’ and the distillerjMmnded w'arehouse and 
all other buildings, and no windows or doors or otlier oponing.s sliall Im* ]»erniittcd 


• piTMiiis dcHiiijiK inlonnatiou as to distillpncs will lie bujiplicd on miuest with (In* iimper 
regulations. 
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in tbo walls of ilie denaturing bonded wan'lioiiso leading into the distillery, the 
distillery bonded war(“lu)us(‘ or oilier room or building, except as lu'O'inafter pro- 
vide<l. It must 1 k‘ constructed in tlie same mamuT as distillery lioiided ware¬ 
houses are now constructed, with a view to tla* sah* and secure storage ot the 
alcoiiol removed tliereto lor <lenaturing ]Mirp<)st‘K and tlie <lenaluring ag<*nts to 
be stored therein. It must l»e u])proved by tlie (’onuuissioiH'r of Internal Uevenue. 
It .shall be provided with cIoshI mixing tanks of suHicient capacity. The (•a])acity 
in wine gallons ot each tank must Iw* asccrtaine<l and marked iheivon in h-gible 
letters, au<l oacli tank must be suppli(‘d with a graduated gla.ss guage wIktcoii 
the contents will U* at all tiiiu's correctly indicated. All openings must Ik* so 
arranged that lliey can be securely lock<“d. Suitabk* otliee accommodation lor the 
olheer on duty must l>e pro\id<‘d. 

Skc. ?u 'llie denaturing bonded warelamse shall he nsial for denaturing alcohol, 
an<l lor no otlier purpost', and nothing sliall be stored or kept therein cxce))! the 
alcohol to be dt'uaturcd, tli<‘ mut<‘rials uscrl as dcnalurrmls, the denatured jU'odiict, 
and the weigiiiiig and gauging iiistrumenls and other ap])lian<’(‘s necessarj'' in 
the woi’k ol denalnriiig, measuring, and gauging the alcohol and denaturing mate¬ 
rials. 

'I'hese bonded war<*houscs must hv numbered sr'riuliy in each collection district. 

and the worr’s 1 >enaturmg ]«>nded wanOioiise No. —, district ol-mu.st 

be in plain h'tters in a coii.spicuous place on tlie oulshle oi the building. 

In ease th<‘ distillei-’s bond lias Imhui executed b<‘loi*e tin* erection of sucli ware- 
liouse the <-onsent ot tlie sureties to t)u‘ estalilishnienl of the denaturing ware¬ 
house must be secured and entry duly signed made on the liond. 

Dkn vnuns’c M.vtkuial Room. 

Sia'. ‘1. There .shall be provided within the denaturing bomled warehouse a 
room lo b»‘ designat<‘<l as the denaturing material room. 'I’liis room is to bt* us(‘d 
alone for the .st<trag(‘ of deiiatunng materials prior to tlic denaturing process. 
It must be ]>eiieeily secure, and mu.st \>v so construeted as to render it impossible 
for any oiu' to (uder during the a)>scnce ot the ollicer in charge without tlic same 
being dct<‘Cted. 

'1 lie <-ci\iug, inside walls, and floor of said room must be constructed of brick, 
stone, or tongue-and-groove iilanks. 11 there am windows in the room tlie same 
must Ii-wm-uhhI i>ygratings or iron bars, ami lo (‘acli window imist be aflixed solid 
slmtters of wood or iron, constructed in such maimer that they may be securely 
liarred and fastoiK'd oil the inside. The door must be .sulislantial, and must be 
so emistructed that it can lx* .s(>curely lock<‘d and fastemxl. 

Sior. At h'ast two s<‘ls ol tanks or rec(‘]>tacles lor storing denaturing mat(‘rial 
must be provid(‘d, and eaeh set of tanks must In* of sullicieiit capacity in tlie aggre¬ 
gate lo bold the denaturing material wliiclj it is estimated the distiller will use 
for thirty days. A s*'t ol tanks shall consist of one or more tanks for storing methyl 
al<*oliol, ami om* or more tanks of .smalk'r capacity for storing otlicr denaturing mate¬ 
rials. Tlie capacity of each tank must be a.scerlained and marki'd in l<‘gible 
iigure on the outside. 

'I'he tanks must not bi* connected with each other, and must be so constrncted 
as lo l(*ave at least IS imiu's oi open sjiaei* lK‘tween the top of the tank and coiling, 
the liottom of the tank and tlie floor, and the sides of tlie tank and walls of the 
denal uring material room. Eacii tank sliall be given a number, ami tliis number 
must be marked ui»on it. Tlierx* shall Ik* no opening at tlie top except sucli as may 
Im* neei'ssary lor tlumping the denaturing mati'rial into the tank and Ihorouglily 

te illg or mixing the same. Saul opening must, l>e coven'd so that it may l>e 
1. Likewise the faucet through which the denaturing material is drawn 
must bi* so arranged that it can be locked. Each tank must lx* supplied with a 
graduated glu.ss gauge whereby the content.s of the tank will always Ik; shown. 

CUHTOPY OF DeNATOHING BoNDED WAREHOUSE. 

Sec. 6. 'Hu* denaturing hond(*d warehouse shall be under tbc control of the 
collector of the district and shall be in l,li(* joint custody of a storokeei>er, store- 
kecfier-gaugcr, or oilier designated official and the distiller. 
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No one shall lx* ])(Tmit((‘(i to enter the warehouse except in the presence of 
said officer, and f lie wan'house anil room sliall lie kept closed and the doors, exterior 
and interio)-, MXMiicly locked except, when some work incidental to the process of 
denaturing or storing inateiial is being carried on. Standard Sleiglit locks sliall 
be Used lor locking the denaturing lionded ware|ious(‘ and the denaturing material 
loom, and they shall be sealed in the same manner and with the same kind of 
s(‘als as distillery bonded warehouse's and cistern rooms ar<‘ now sealed. Miller 
locks sliall 1 m* used in securing the laucels and o|)eiungs oi the mixing tanks and 
the denatuiing material tanks. 

The* otlicer in eharge ot the denaturing b ruled warehouse, material room, 
and tanks shall earry the key.s to same, and under no eireumstaiices are said ki'ys 
to Im* intrusted to any one except another otiicer who is duly authorized to receive 
them. 


Api*nirATio>j' FOH Approval of Denaturing Bonded ’Warehouse. 

Se('. 7. Whenever a distiller wisho.s to commence the business of denaturing 
alcohol he must make written a])plieation to the collector oi the district in which 
the distillery is located for the approval of a ileiiaturing bonded warehouse. 

Such application must give the name or names of the person, firm, or corporation 
operating tlie distillery, the numbi'r of the distillery, the location ot the same, tlic 
material of which tlu* warehouse is constructed, the size of same, width, length, 
and height, the size of the denaturing material room therein, and the manner 
of its eonstruetiou, the capacity in gallons of each tank to be used for denaturing 
alcohol or for liolding the denaturing agents, and the material of which said tanks 
are constructed. 

Su<‘h application must l>e accompanied by a diagram correctly n^presenling 
the warehouse*, the mixing tanks, denaturing material room, and denaturing inateri^ 
tanks, with all openings and surroundings. It must sliow' the distillery and all the 
distillery bonded warehouse's on the premises, with dimensions of each. 

The application may be in the following form: 

To colIerfoT of -district of -. 

bin: i’li(* undersigned-doing business under the name or style 

f,f - hertiby makt's application for the ap])roval of a denaturing bonded ware*- 

hoeise which hei has proviaed as reejuired by law, situated upon and constituting a 

part of t Ik* premises known as Distillery No.-at-, in the county of-, 

and State of-. 

Said demduring warehouse* is constructed of 


(Here describe accurately the denaturing w.arehous(‘, giving the heiglit, width, 
and deptli; tlie mixing tank or tanks and the e*apaeity of each in g.'illons; also tlic 
size in height, width, and depth of the d(*uaturing material room; the denaturing 
material tanks, and the eapaeity in gallons of e'ueh; also the openings of the de¬ 
naturing warehouse and denaturing material room.) 

Distiller. 


Examining Officer to Inspect Warehouse. 

Sec. 8. Upon receipt of the application and accompanying diagram the collector 
shall del ail one of his deputies or some other otlicer who shall visit tlu* tlistillery 
and make a eart'ful examination of the proposed denaturing bonded warehouse. 

Such otlicer shall ascertain whether or not said warehouse and mixing tanks 
and denaturing material room and tanks are eonstrueted in confonnity with the 
regulations, tlic statements made in the application, and the representations on 
the diagram. 
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Sec. 9. If the deputy colleetor finds that the statements in the application 
art* true and that the denaturing wandiousi' anif material mom arc constnicted 
in conformity with tlie law and n*gulutions, lie shall make report and rt'Commen- 
datiou in the following form: 

1 hereliy ei'rtify that 1 have visited the distillery premise.s doserihed in the 
foregoing application for the approval of a war<‘hous<“ in whii'h to denature aleolioi 

by-proprietor of distil erj^ No.-in the distriet of — — and have 

i’arefiilly examined thi' proposed warehousi* and mixing tanks, and the denaturing 
mati'rial rcKim and tanks; that 1 have measured said wart‘house, rtiom, and tanks; 
tliat 1 hav(‘ examined .saiil distillery prcmiw's, and the distillery an<l disliU(*ry 
lionded wareliouses loeatt‘d th(‘reon, and have found the stat(*mcnts and repro* 
8t‘ntations madt' in the application and diagram hereto attached to be in every 
res|K‘el true and correct. 

1 fiml that said iiropoM'd diuiaturing warc'house,mixing tanks, denaturing mate¬ 
rial room, and denaturing matiTial tanks, and everylliing connected with the 
same are (■()ustru<‘t(‘d in strict conformity \\ith all mquinunonts of the law and 
regulations. 

1 rectHiimend that said denaturing wareliouso b(‘ approved. 

Dr'jnihj ColkdoT - District of -, 

Tins report shall Ix' affixed to the application. 

Approval ok Warehouse. 

Skc. 10. The colloctoT shall examine the deputy’s report and if, after such 
examination, he is satistied that tlie warehouse ami all its parts are constructed 
in conformity with the law and regulations, he shall indonsi* his approval on tlie 
appli<'ation and shall transmit the original, together with the diagram, to this 
office. 

U th(‘ (Commissioner of Internal Revenue is satisfied, after examining the 
application and reports, that tlie denaturing wan*lious(‘ is situated and constructed 
in eompliaiiee witli th(‘ law and regulations, lie shall approve same and notify 
the collector of said approval. 

Denaturing Warehouse Bond to be Given. 

Sec. 11. After receipt of notice of the approval of said warehouse the distiller 
may withdraw from Ids distillery warehouse, fm- of tax, aleoliol of not less than 
ISO deprec's proof or stremgth, and may denature same in said denaturing ware- 
liouso in the manner hereinafter indicated, provided he shall first execute a bond 
in the form pr(‘serilK*d by tlie Goinndssioner of Internal Revenue, with at least 
two sureties, unless, under tlie authority contained in an act approved August 13, 
1S94, a corporation, duly authorized by the Attorney-General of the Dnited States 
to U'com*' a surety on such Iwnd, shall lx* offer<*d as a sole surety thereon. TFio 
bond shall lie for a penal sum of not less than double the tax on the alcohol it is 
ostiniatcd the distiller will denature during a period of thirty days, and in no case 
is the distiller to witlidraw from bond for denaturing purpos(*.s and have in his 
d<‘naturing warehouse in process of denaturation a quantity of alcohol the tax 
ujurn whieii is in excess of the penal sum of tlie bond. 

Sec. 12, If, at any time, it should develop that the d(*naturing wan*Iiou8e 
bond is insufh(*ient the distiller must give additional bond. 

Sec. 13. The bond hen'in provided for must bo exc<*ufed bc'foro the distiller 
can withdraw from distillery bomled warehoust*, free of tax, alcohol to be de¬ 
natured, and if lie d(*sircs to continue in the business of denaturing alcohol, said 
bond must be r<*newod on the first day of May of each year or before any alcohol 
is withdrawn from bond for denaturing purr'oses. It must be executed in dupli¬ 
cate in accordance with instructions printed thereon. One copy is to be retained 
by the collector and one copy is to be transmitted to the Commissioner of Internal 
Revenue. 

It shall Ix^ in the following form: 
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DENATURINT. WAIJEIKHISE IIOND. 

Know all men bv these bkesents: That \\v, ---“of-, as 

priiK'ipal, find --- • of'--, as siu’ctios, jin* ludd uiul firmly hound to 

the rNiTEi) States of Amekica in tlic full and juM sum of - • — dollars, lawful 
money of tin* Ihiiled States; to which payment, well and truly to he imule, we 
hind ourselves jointly and severally, our si'venil ln*lrs, executors, and adminis¬ 
trators. lirmly by lhes<‘ pn‘senls. 

Sealeil with our .'seals and dated the-day of-100 ■ 

'Die condit loti oi the fori'poiuf; ohlifjation is snclt (lint wluTi'us the above hounden 
principal, under the ])rovisions ol the act of June 7, ItlOti, has eon.structed a ware¬ 
house tor deimltirin}; alcohol on the jireiuises of distillery No. — , sitimti'd at 

-_ in (In' euuiity of-Stale of-, and stiid warehonsi* lias been duly 

approved; and w'hen*us said prineipal intends to withdraw from tlie diMillery 
hond(‘<l wareiiouse Indonging to said dislilleiy situated on tiie dislilh-ry premises, 
alcohol Iree ot lax for tli(‘ purpose ol denaturing same in tla* denaturing waieliouse; 

Now, tlieri'fon*, if the tdoresahl jinneipal shall immctluitclff up<m the withdiuwal 
from the distillery homled wtirehousc' alort'said ol all aleohol iiiKuided for denatur- 
iujT jmrposes transfer same to the denaturing wareiiouse nfon-sald, and in said 
denaturing wurehouM', denature said alcohol in accordance willi the terms of the 
entrj' for withdrawal of same ami in conlormily willi lli<‘ law and all rules aiul reg¬ 
ulations duly juT'scrilied in relation !(► tlio denaturing ol aleohol; and if said ])iiiK*i- 
j)al shall in the Iransli'rring from distillery warehouse to dmiaturing wareiiouse. and 
in the hamlling and disposing of said alcoliol, <‘oinply w'itli ail the law and legula- 
tions aforesahl; it lie shall payllietaxol om* dollar and ten ci'iits jier proof gallon on 
all alcoliol withdrawn hy liim from distillery bonded wan^honse fn‘(‘ of lax for dc- 
natniing juirnoses and tiisjiosed of in any nuuUKT, eitlier in transit from the dis¬ 
tiller)' homled warehouse to the <Ienat tiring wai-eliouse or after it lias Ihmui dejiosited 
in the denat.iiring wareiiouse, without first huvitig denjitiir<‘d said alcoliol in such 
inanner as may liave l>eon jirescrihed liy the Cxmimissioiier of lnt<‘rnal Kevmme, 
witli till* approval of the .Secretary o| tlu* Treasury, ami If lie sliall pay all penalty's 
incurred hy liim and all lines imposed on him lor violation of any of the ])ro\ision8 
of the law' relating to the withdrawal of, transferring of, dimatnring of, and dls- 
])()siug aftiT denatural ion of alcohol, withdrawn tree of tax, then this obligation 
is to be void, otherwise, to remain in full loree and elTeet. 

--ISML.] 

- - --IsEAL.] 

Sior. 14. 'Die collector, u}>on receipt, of the bond, sliall examine same and in¬ 
vestigate as to the sureties therc'on. 

If he finds (he bond properly cxi'euted and the sureties suflieient, h(‘ shall 
approve the bond, tmd thereafter, during tin* lile of the bond, the distiller may 
withdraw from his distillery warehouse, tree of tax, alcohol to Ik* denatured under 
Bueli rc'giilations as may hertu'icifter Ik* pjvs(*rilK'd. 

(’ouniTioNs UNnEit wiiirii Alcohol is Withdiiawn. 

Sec. 15. Not less than thr<‘e hundred GlOO) wim? gallons of ah'ohol can be 
witlidriiwn at one time for denat.uring purposes. 

Will'll a distiller who is a producer of alcoliol of not, li'ss than ISO di'grees proof 
and who litis given the denaturing wan*bouse bond as aforesaiil desiri's to remove 
jih'ohol from (he dist.illery bondi'd warehouse for thi* purpose of dentiluring, he 
will himself, or !>y his duly authorized t^ent, file with the colh'ctor of internal 
revenue of the district in which tlic distillery is located the following notice in 
triplicate: 

NOTICE OF INTENTION TO WITHDRAW FOR TRANSFER TO DENATURING BONDED 
WAREIIOUSE. 

_ , -,—, 

CoUrdor - Distrirt oj -. 

Sir: The undersigned distiller and owner of —y-;— packages of alcohol, the 
Bcrial numljcrs of which are-, jiroduced at distillery No.-, in the — 
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district of-, and now stored in tlie distillery bonded warehouse No.-at 

said distillery,desires to withdraw same under wetion 1 of the act of June 7, liHlG, 
for denaturing puiyiosos, and requests that sai<i spirits be legaged.* 

Hiwpcd fully, 

-, DutiUcT. 

iSworn to before me this-day of-, KK)— 

-fSEAl,.] 

Upon the receipt of sueli notice the collector will at once append to each copy 
the following: 


COLLECTOR S ORDER TO (JAIIGER. 


OfEICE of COLLECTOtf OF INTERVAL REVENUE, 

— Distriit,-. 

Sir: You will proceed to distillciy warchous<' No.-, of - —, at - , 

and there inslieet, and gauge, iteeorditig to hiw and regulations, the iileohol which 

_desires to withdraw and transfer to deiiatuiing bonded warehouse, and 

you will mark iipoti eaeii iiaekage so regauged the nuinU‘r of wine gallons and proof 
gallons theri’in eotitaitied, atid you will make re|iorl oi your gauging on the eer- 
tilicale hereunto apiieuded, and sign and deliver .same to apiilieaiit. 


ColkvtoT. 

Sec. Hi. Ujion the, receipt of the foregoing the oHicer designated will at once 
proceed earelully and thoroughly to insiieet each iiaekage, ascertaining the actual 
wantage, |iroul, and contents without reference to the marks oti the casks. In 
ease the .spirits arc withdrawn on day of entry, regauge is uot necessary, and the 
entry gauge shall be accepted, lie will make return on each copy of the order 
for inspection in the following form: 


GAUOEti’s REPORT OF SPIRITS OAUGED. 

1 hereby certify that pursuant to the above order the following-deseribcd spirits 

deposited if distillery bonded warehouse No.-by---outlie-day 

„( _ _ ino— have been iiispeeted and gauged by me this-day of-lUO— 

and loiiiid to be as billows: 



And I further ctwlify that the dillerence bet ween the quantity, as shown by the 
marks and stamps on the cask, and the ipiantity as shown by my inspection, tuadc 

in pursuance of the aliove order, is-wine,-proof, and-taxable 

gallons. 

V. S. Gauger. 


• If spirits are withdrawn same day as entered omit regage. 
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Upon re(*cip< of IIjo paiigors report the distiller will indorse thereon an entry 
for withdraw 111 for transfer to denaturing bonded warehouse, whiei> shall be in 
the follow ing lorin: 


EN'I’KY FOIt WITHDKAW'AL FOR TRANSFER TO PICNATUHING RONDED tVAREIIOUSE. 

-District, State of-. 

-, lilt)—. 

Tiie uiuh'rsigned requ(‘sts that the s])irits deseriiied in the foregoing eertifieute 

and ii'port of gauger, ikjw in distilleiy bonded waudiouse No.-, owned by- 

and situated in-, county of-, State of-, in tbe--district 

ol said State, may bi* transfiTred then'froni and delivered into tbe denaturing 
bonded warehouse situat(‘d at my said distillery, to be denatured under the pro- 
\isu)ns of the act of Jun(‘ 7, liWU. 


Nimibor (»f 
I’ui'kugeit 

Maiks an<l 
Serial 

Nutiibeis of 
Piii-kajicN. 

NiimfKT 
of ^\mellous^■ 
Stamps. 

Wine 

Cialluiis. 

Ilecrei* of 
Proof 

Proof 

Gallons 

'I’avable 

Gallons 

.\mount 
ol Tax. 










. IHsHUer. 


Tax Collected on Deficiency. 

Sf.c. 17. Upon receiot of the forc'going entry for withdrawal, the collector 
shall examine same, ana, if it. shall appear from the report of regauge, us n.ade 
by the gaug<‘r, that there is an exi'essivi' loss in any paekage. iind<‘r the provision 
ol the act of August 2S, 1S94, as amended by act of March ‘4, 1899, then the eol- 
lector shall colleet the tax on sucli deficiency and shall indorse upon each copy of 
the order for inspection y)ennit for the didivcry of the spirits to be transferred 
to denaturing bonded warehouse in the following form: 


PERMIT FOR TRANSFER TO DENATURING BONDED WAREHOUSE. 

Office of Collector of Internal Revenue, 

-District of the State of-, 

•-- -, 190—. 

Sir: The tax on-gallons of the deficiency of-gallons ascertained 

under section 50 of tlic act August 28,1894, as amended, as shown by the accom¬ 
panying rcyiort of-g»ugcr, having lx*en paid to me and good and sufficient 

denaturing bond, dated-, 190—, liaving been executed as n'cpiired by law 

and filed in tins otliee, said bond covering all distilled spirits to be transferri*d 
from distillery bonded wan'bouse to denaturing bonded warehouse for denaturing 

purposes, you are hereby directed to deliver said spirits to-to be transfererd 

by him in your presimcc and under your supervision to tlie denaturing bonded 
warehouse of said-on his distilh'iy premises. 

'rhe gauger will affix the proper marks and brands in your presence. 

—' — ■ , Collector. 

j 0 " --, Storekeeper. 


Spirits Transferred to be Marked. 

t^pon receipt of the ponnit by the storekeeper the packages of distilled spirits 
desoruKid in notice of intention to withdraw may Ixj withdrawn irom distillciy 
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bonded warcliouso without the payment of flie tax, and may he transferred to 
tlie denaturing bonded wareliouse on the distil!(‘ry' premises; but beiorr? the re¬ 
moval of said spirits from the distillery bonderi waj-ebouse, the gauger, in addition 
to marking, eutling, and branding the marks usually reipiireil on withdrawal 
of spirits lioin narehousi', will legibly and durably mark on the head of eaeh paekage, 
in letters and figures not less than one-half an ineh in length, the nnml.)er of ?>r««/ 
gallons then aseertained, the date of the eolleetor’s |iermit, the object for which 
the siiirits wi're withdrawn, and his name, title, and district. 

Such additional marks may be as follows; 

Withdrawn under permit, issued .lan’y 10, 1007 
For Denaturing Puryio.ses 
IVoof gallons, St 
William Williams, li. iS. Gauger, 

.'ith Dist. Ky. 

Entries in RECOiin IS and Reports SO ano S7. 

Sec. 18. In ins record 18 the storekeeper will enter said packages of spirits 
in red ink and will show that they were withdrawn free of tax lor denaturing pur- 
posi's. 'Ihe storekee|ier’s reports on Forms SO and S7 shall also show that, the 
spirits were withdrawn for (lenatnring purposes and without the payment of the 
tax under the provisions of the art ol June 7, ItlOti. 

Immediately upon the withdrawal of the spirits, as ahove indicated, the store¬ 
keeper will transmit the duplicate permit to the collector, who will note upon 
the original permit in his possession the withdrawal of the spirits therein men¬ 
tioned. 

Collector’s 94a. 

Sec. 19. The collector will take credit for all spirits so withdrawn, on the 
appropriate line of his bonded account (Form 94a), for the month during which 
such withdrawals wem maile. 

He will also make jiroper entry on the inside page of that, account a.s to the 
(pnnitity coveri'd by i‘ach permit, and will forward each of such duplicate permitB 
(with tile distiller's entry for withdrawal) with his bonded account as a voucher 
for .such entry. 

SiuRiTs Transferred to Denatuking Bonded Warehouse. 

Sec. 90. When the pai kages of spirits are marked and branded in the manner 
above indical(>d they shall at once, in the presi'nce and under the supervision of 
the storeki'cper, Iw transferreil to the denaturing bonded warehouse. 


Recoig) of Hiurits Received in Denaturing Bonded Warehouse. 

Sec. 21. The officer in charge of the denaturing bonded warehouse* shall keep 
a record of the spirits received in sai<l denaturing Imndcd warehouse fnun the 
distillery bonded warehouse and the si>irils delivered to the distiller for denaturing 
purposes. 

U))ou the debit side of said record, in columns prepared for the purpoBC, there 
shall Ik- entered the date wh(*n any distilled spirits were n’ceived in denaturing 
bonded wurehouse, the date of the collector’s permit, the date of withdrawal from 
distillery bonded warehouse, the numlH'r of packages mceived, the serial numlM'rs 
of the packages, the serial numlx'rs of the distillery warehouse stamps, and the 
wine and proof gallons. 

Upon the credit side of said record shall be entered the date when any spirits 
wen* delivereil to th(; distiller for denaturing purpoa<*s, the date of the collector’s 
permit for withdrawal, the date of withdrawal from di.sl.illery bonded warehouse, 
the numlx*r of packages so d(*liven*d, the serial numbers of the jiackages, the serial 
mimliers of the distilTcry wan*house stamps, and the wine and proof gallons. 
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InimcdiaU'ly upon llic n'l'cipt of any disfilW. spirits in the denaturing bonded 
waroliou'-c, and on the same day upon nliieli they are received, tlic olheer must 
enter said sptiils in .said record. 

I.ikeai.se, on llie same date upon wliieh ;iny .spirits are delivered to the dis- 
lillei lot deiialnring purposes, said spirits innst lie entered on said record. 

Sm'. 'J'J. a liulanee ninsl lie struck in Ihe reeoid described in above section 
at the end ol the inoiith showing tiie innnber of paek.ages and ipiantity in wine 
and pioof gallons of spirits on hand in packages on the first day iP' the month 
the innnlier of packages and ipianiily in wine and proof gallons receivid during 
llie iniinth the nninlier of packages and i|naiitily in wine and proof gallons delivereu 
to Ihe distilli'i- (hiring the inniilh, and tlie halaiice on hand in packages and wine 
and prool gallons at the close ol llie inonlli. 


llCTrnx ON Koum KGh. 

Six. 2d. On all days on wliieh any sjnnls are entered into the demituring 
lioiided Hareiioiise, or on wliieli any spirits are didnered In the distiller lor de- 
iialnnng inirjioses, tiin ollieer must make in dnplieale a return on ]''ortii .Stih as 
ioliows. 


Sl'llllTS EN'I'KREO IN OEVaTl'llINd ItONOEI) WAIIKHOITSE AND DEl.IVEUEO TO DISTII.l.EIt 
I'Oll DE.N ITIUl vnoN. 

Return for Ihe • — day of —- — 190— of disiilh'd spirits entered into and 

withdrawn from (feiiaturing bonded wandionse bidongiiig to distillery No._ 

earned on by-, in tin-eolleetioii dkstriet of the ytali’ ol- 


Kiitrics, 


Niiiiiher 

riifkiijic'- 

Serial Nuinliei 
rnckime.s 

Serial Niimbi't l)!ite of 

1». W'S IVrn.il 1 

1 ' 

Date of Ml /. 

^\ ifixirawal ' ‘ 

i*. (j. 



] ; 

i j 

i 


Dvlit'enoH lo }){.'(liU<'r for Dniahirimf PurfMufc. 


Numl-HT 

I’ackaKcs 

Serial Number 
l-'aekajres 

St'rial Niiiiibor DaJe of 

f> W. S IViiiiit 

Date of It’ /; 

Witlwlrawal " 

P. G. 




i 

! 



1 fiendiy certify that the distilled spirits alove reported were deposited into 
said denaturing bonded wareliotise or were delivered to the distiller for denaturing 
piirtioses (as the case may he) in my presence, and that the infomiatiim given 
concerning the .serial mimhers and contents of flic packages, and Ihe serial niim- 
Ihts of till' stamps, was obtained by me on actii.al examination of tlie marks brands 
and stamps on said paekage.s and not from any return maile by the gauger. ’ 

Dated at-this-day of-, 190—. ’ ’ 


; 190—. 
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Monthly Return op Spirits Entered in Warehouse and Deuvered to 
Distiller. 

Sec. 24. The oificcr in charge of the denaturing bonded warehouse must also 
mak(5 in duuUcalc at tl»e end of eacli month and forward lo the Collector of Internal 
Ilevenne a monthly return lo be a transcript of and to be made up from the oHicer’s 
record 18b. 

Said return must show in detail the spirits deposited in tlie denaturing l>onded 
wareliouse, also the spirits delivered to the distiller for denat\iring purposc^s and 
tile spirits n'lnaining in the denaturing bonded warehouse at the end of the month, 
^iparate entries must Ix^ made of each day’s work and tlie spirits must l>e de¬ 
scribed in tlie same manner as they are in tlic return SGb and the book, Form 18b. 


Office Form 15b. 

Sec. 25. Collectors in whosi' districts alcoliol is l)eing withdrawn from bond 
for diuialuring piuposi's shall provide tluan.sehc'.s with a record (Otiwe Form 
1.5b) in wiucli shall l>e kept the indivalual aeeouiit of each distiller in the district 
who ha^ (|iialilied for the purpos(‘ of (huiaturing alcohol. This record is lo l)C 
ma<h- "p trom re[>oTls on Form 87b. It must show llie date upon uhicli any 
spirits were dejiosited in denaturing wareliouse, the serial numbers of tlie jiaekages 
depositecl, the nuinlKT of )ijiclv:ig(“s and tlie proof gallons. Said record must 
likewiise show in detail the deliveries lo the clistillei-s for denaturing purjioscs. 


Dknattuiino Agents. 

Co.UPLETELV DeN.VTUUEI) AlCOHOL. 

Sec, 2r>. Unless otherwisi* sp<‘cially pro\ided, tlie agents used for denaturing 
alcohol witlulrawn Irom bond for denaturing purpose's shall consist of methyl 
alcohol and ben/iiiie in tli<‘ following proportions: ’J'o ev(‘ry one hundred i>arls by 
\oIume ol eliiyl alcoliol ol the desiivd jirooi (not less than ISO') tlierc shall lie 
aihli'd leu pari> l>y volunu' ol apjiroved melhyl alcohol and one-half of one part 
by volume' ol aiiproved iK'iizine; lor example, to every 100 gallons of ethyl alcohol 
(of not. less tiian ISO di'gn'cs proof) then' shall ini added 10 gallons of approved 
meliiyl alcoliol and 4 gallon of ap])roved iM'nzine.* Alcohol thus denatured shall 
be classeil as eomph-tely (U'nafuv(Hl alcoliol. 


* An amPiiilmeiit. ti> thi' U. S. lli'Kulatiuns iiermiUiiig Uie use of methyl alcohol ami pyridin 
baseti (or deiiatunni' is as follows. 

••Section 2fl of the regulations atnl insliuetions coneminc denatiiretl alrctliol. issued Sep- 
tembiT 2H. m ainended bv mseitinn after (he voids ‘approved ben/.ine,’ in the uiiitli hue 

of said section, the followmi;: 

“‘Or inethvl ah-oliol and aiiproved pyrnlin bases, in the followinix proportions; do overv 
100 parts bv volume of ethyl alcohol of the do'iieil pioof (not les-s than IftU-') theie shall be added 
two parts bv volume of approved methyl alcoliol and one-half of one jiart liv volume of apiiroved 
pvridin base'i—for evainple. to every 100 caHona of «'thvl alcohol (of not less Uian ISO’ proof) 
then* shall be abided 2 gallons of approved methyl alcohol ami one-half Rallon of approved 
pyridin bases ’ 

“Norr —Metlivl alcohol Inieiuled for ii.se as a denaturant must conform to the specifications 
pr«»cril)e 1 111 t’lrcular No. (xce (diaptei fX. tins book). t - 

“Pyridin Imsos intended for use as a denaturant must conform to the followinc specifications: 


"Si)er>f(caf{on$ for pynrfin hnsea submittfd for approval a$ a denaturing material. 

■' I’YRIDIS UASL6. 

"1. Color —The liquul must meet the same requirements as to color that are imposed upon 
woo<l alcohol. (Sec* thri'iilar No 080) , , . .n.. 

“2. Reac i'»n xnth nulmium rWorif/e.—Ten c.e. of a solution of I c.e. of pyridin bases m 100 e.e. 
of water are treated with r» c.e of an aqueous .solution of anhvdroiis fusetl cadmium chloride 
and the mixture viEorouslv shaken. W'lthin ten minutes an abundant crystalline separation 
shonhl take place. , , . , , 

“ 3. Behavior with NeMhr'e reagent —With 5 c.c. of Ne-ssler s reasent, 10 c.c. of the pyndin 

ba-ses must Kive a wliite precipitate. . , . 

“4. Boilin( 7 -puint.—Wheu 100 c.c are subjected to the determination of the boihng-pomt m 
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Metliyl alcoiiol and iKmzino inti'ndcd for use* as deiiaturants must lx* submitted 
for chemical t<*st and must coulonu to the spoeilicatioiis whicli sliall be hereafter 
duly prescribed. 


Denatuuaxts Deposited in Wauehouse. 

Sec. 27. As the distiller’s business demands, he may bring into the denaturing 
hond(‘<l warehouse, in such rece])ta<'les as he may wish, any authorized denatui’ani. 
Such deiiaturants shall at once lie deposited in the material room; thereafter 
they shall be in the custody and under the control of the officer in charge ol the waro- 
housi'. Hetore any denalurant is used it must be dumjied into llu' appropriate 
tank ami alter the contents have U'en thoroughly mixed, a sample of one pint 
taken ilieretrom. ’I'his .sam])le must l>e lorwarded to the ]irojKTotHcor for analysis. 
'I'he oIlie(*r wifi then s(*euri‘ly close ami si.'al the tank. 

No part ol the eont<‘nts of the tank can he used until the sixmple has boon 
offi(‘ially ti'sled ami approved, and ri'port of such test made* to the olheer in charge 
of the wandioiise. 

If (lie sample is approved the eonlents of the lank sliall, up<m the receipt of 
the report, lM*<*ome an api>roved denaturaiit and the olfieer shall at once remove 
the seals and place the tank under (loveriiinent locks. 

If lli(“ sample doi's not uiei't tlu* reipiirements of the speeilieations, the oflieer 
shall, upon the receipt of tlie report of nonap])roval. iiermit the distiller, pro- 
V!(h‘d he desires, to treat or manipulate the proposed dmiatuiaiit so as to lender 
it a comjielent denaturaiit. In such case another sample must lx* submitted 
for approval. If the distiller does not desire to further tn'at the denaturaiit, 
the olheer .shall require him immediately to remove llie eouleiils of the tank from 
the yiremises. 

Recoui) of Denatituani's Re(’eived. 

Sec. 2S. 'I'he offieer shall kec'p a denaturing material room record. 'I’his record 
shall show all material entered into and l•emoved from the ihmaturing material 
room. 

'i’li(‘re shall be prot>cr columns on the drhil side in which arc to lx* (uitcred the 
date when any material is n'Cf'ivi'd, thi* naim* and n‘sidem-e of the person from 
whom reei'ived, the kind of material, the quantity in wine gallons, and, it methyl 
aleiihol, in proof gallons, the date upon wliieli the material was dunqied into tlie 
tank, the number of the tank, the date upon which sanqile was forwarded, and 
the numlKT of the sanqde, and the* result of the official test. 

Oil the credit side of said reeonl shall be enteri'd, in yiroper columns, the date 
upon whicli any material was removed from the d(‘naturing material room for 
di'iiaturing ymrposi's, the kind of material, (he number of the tank from which 
taki'ii, (he number of the samyile re[>res(>nting (lie tank and sent for oflieial test, 
the number of wine gallons, and, if methyl ah’ohol, the number of proof gallons. 

Notk.— regulations roRunliiic .sjjecially denatured alcohol, hco i>a^* 394. 

Monthly Hetuhns op Denatuuants REc-nivp.n. 

Sec. 29. A Imlance shall be struck in this record at tlic end of each month 
whereby shall lx; shown the qnaiitity of material of each kind on hand in tlie de- 


the same manner as preacnbetl for wood alcohol, at least r>0 c.e. mustdistil at 140'^ C. and at least 
00 c.e. at 160" ('. 

"5. Aftxrthi/i<v v'iih tcaUr —The same requirements must l)c met as are imposed upon wood 
alcohol (See Circular No. 6S0.) 

“6. ConUnt of water .—When 20 c.c. of pvridin bases are shaken with 20 c.e of a solution of 
caustic soda, with a specific uravitv of 1,400, and tlie mixture allowed to stand for some time, 
at least 18.5 c.c of the pyridin l>ases must separate from (lie solution. 

“7 Mkalimtu —One c.c. of pvridin bases dissolvetl in 10 c c. of water are titrated with normal 
eulptmric acid until a ilrop of the mixture i)lace<i upon Conco pat>cr shows a distinct blur Ixmler 
wiiU'h soon disappears. It must require uul less than 0.5 c.c. of the acid solution to produce 
tin* reaction. 

“The Congo paper is prepared by treating filter paper with a solution of 1 gram of Congo 
red in 1 liter of water and drying it ” 
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naturing material room on the first day of the month, tlie quantity received during 
the month, the quantity rejected and remov(‘d from th(‘ premises during the month, 
and tJie quantity delivered to flic distill(‘r for denaturing purposes during the 
montli, and the qiiantity on hand at the end of the month. 

'I'lie ollicer shall, at the end of each month, prxjpare in duplicate, sign, and 
forward to the eolleefor of internal revenue a rt*purt which shall Iw a transcript 
of said record. 


Distilleu to Keep IlEroRu of Denatorants. 

Snr. 30. 'riie distiller shall also keep a n'cord, in whieh he shall enter the date 
upon whieh he deposits any material in tluj tanks of the denaturing material rcuun, 
the name and addr(‘ss of th(i jMTson from whom saal material ^^as,^“(;eived, and 
the kind and (juanlity of tlu* material so deposited; also he shall enter in said 
n*eord 1h(* date u])on whieli ho nn-eives any material from the diuiaiuring material 
room, the kind and (piantity of such material so received, and the disposition 
made of same. 


Notice of Intention to DENATruB Spirits. 

Sec, 31. 3’he distilk'r shall, hefoiv dumping any spirits or denaturants into 
the mixing tank, givi* nota’i' to tii(‘ ollicer in eliargc* of the denaturing warc'housc* 
in ])rop(T form in duplicate, and luiter in the jiroper place thereon (in the ease of 
distilled spirits) and in the proper column the numlnT of the packages, the serial 
imml)cr.s of same, the serial nurnher of tln‘ wan'liouse stamps, the contents in 
wine and ju-oof gallons and the ))ioof as shown by the marks, the date of the with- 
llrawal gaug<', and l)y Avhom gauged. 

In easi‘ (»f dcuiaturing agents lu* shall enter in the jiroper place and in the ])ropor 
columns tin* mnnher oi gallons, the kind of material, and the number of de¬ 
naturing material lank trom wliieh same is to 1m* drawn. 

'I'he contents of the several package's of alcohol, as shown by tlic withdniwal 
gaug<*, shall he ace ('pled as tlie contents of said jiackiige's when dumped for de¬ 
naturing imrpeese's unless it should afqiear from ii sj)ccial sliowing made by the 
distiller tlial thei'c lias lioen an accidental loss since' withdrawal from distillery 
bonded warehouse. 

Upon re'ceijit of this notice' the ofhecr in charge of the denatuiing warehouse 
shall, in case of the packages of alcohol, in.spe'Ct same' e'are'feilly to ascertain whelheT 
or not the'y are the ])aek!iges described in the distiller’s notice. He will then cut 
out that portion of the* ware'house* stamp eijion which is shown tlic serial number 
of the stamp, the name of the distilU'r, the iiroof gaUon.s, and the serial mimber 
of tlie packjige. 'I'lie'se slips must, he* securely fastt'iied to the* (emu whereon the 
gauging is reported and si'iit by tlie otUcer with his return to the*, collector. 


1’ran.sker of Denaturants to Mixing Tanks. 

Sec. 32. The distiller, unless pifies are used, as herein provided, shall provide 
Buitable gauged rc'ec'ptacle.s, metal drums being preferred, with which to transfer 
the de.'uaturii^ agents from the material tanks to the mixing tanks. Those re¬ 
ceptacles must be numbered serially and the number, the capacity in gallons 
and fractions of .a gallon, the name of the* distiller, and llie numlx'r of tlie denatur¬ 
ing bonded warehoeisi' marke'd Ibemon in duralile* le'tters and figun*s. They shall 
lie used for transferring denaturing mat.e*rial from the material tanks to the mixing 
tanks and for no other purjiose. The* distiller must also provide suitable a]q)roved 
seal(*d measures of smaller capacity. Tlie gauged receptacles are to !>e use^d wl'cre 
the quantity to he transferred amounts to as much as the capacity of the smallest 
gauged reeoptaek in the warehouse. The*, measures are to be used only when 
♦he quantity of material to be transferred is l(*ss than the capacity of tlie smallest 
gauged re'cept aele. 

Sec. 33. 'riic distiller may provide metal pipes connecting the material tanks 
and the mixing tanks and the denalurant may be transferred to the mixing tanks 
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through llioso pipo.'?. Su(‘li pipes m\jst l>c supplied witli valves, cocks, faucefi. ^ 
Ollier proper means of controlling lli<‘ flow of tiie iiipiid, and sucji valves, cocks, 
or lancets iiuist he so arranged that they can be Lsecurely locked, and the locks 
ailiu'hed thereto nmsl be kept iaslened; the keys to be retained by the officer 
in charge*, except wls'ii the denaturing malerial is being transferred to the mix¬ 
ing t;i.iiks. 

In the event pi])es are ni^d as above provided, the glass gauges affixed to the 
inali'iud t.anks imisi be so gradnat<‘d that tc'iiths of a gallon will be indicated. 

Ih'lon* any material is iransl(‘rn*d from a material tank to a mixing tank the 
oili<‘rr must, note the contents ol tlie material tank as indicated by the glass gauge, 
Ih* will IIk'ii p<‘nnil the denaluraut to flow into the mixing tank until the exact 
(piantily neeessai-y to d<*nature the ah-oliol, as ]>rovid(*d by the regulations, haa 
b(‘en tran.sferii'd. Tin's lie will ascertain liy reading the gauge on the material- 
tank belore tlie lupiiil has lH*gun to How and after tin* flow lias l)een sto]>i>ed. He 
slioidd vc'rify the <iuantity lr:insfen-ed by reading the gauge on lh(' mixing lank 
befoi-e anil after l.lu* IranNh*!'. 

Skc. 'i’lie olheer in i-liarge of tlie denaturing wan'liousi' will In* hehl strictly 
accountable lor any errors in tlie (juantities of denaturants added. U is ini)H>rlant 
tliat his nH*a.sui-ements sliould U' alisolutely correct. He must know that the 
nu‘asun‘s and the ganged receptacles jirovided by Hie distiller and the graduated 
gauges allixi'd to Hh* tjiiiks aiv eorreel,. He must from time to lime apply such 
tests to tliesi* ineasures, gaugi'd ix*<-e])lacles, or grtwhiated gauges, as lh(‘ easi' may 
be, as will sa'isfy lutn tiiat tliey are eorn'ct. If lie finds Hie measure's, gauged 
reei'ptacles, or graduateil gauges to be iiieorn'ct. he .sliall ivfusi' to jiermit the 
dlstdlor to transler any clmiaturant to the mixing tanks until appliances have 
iM'cn ]irovided wlienHiy tlie exact (juarility of denaturants usc'd may be ascer¬ 
tained. 

The distiller must provide all scale.s, weigliing lK*ains, and other appliances 
necessary for 1 innsh'rring tlx* di'iiaturing mat ('Hals, gauging or handling the alcohol, 
ortest ing any of Hie measures, i-eeeptaeles, or gauges used in the warehouse, and also 
a sulheient iiumlier of eonip(‘te!it emidoyees lor tiie work. 

OoNTKNTS OF MlXIXCj 'PaNK TO HE riiUNOKD. 

Sec. ,'15. 'Phe exad (]uantily of distilled spirits contained in the packages 
covered by the distillers notice having been ascertained by the ofliec'r and tlic 
spirits liaving lieen dunip(*d into the mixing tank, and the (quantities of tlie several 
deiialnriints preseriln'd by th(' K'gnlations liaving be(‘n aseertaiiU'd by ealeulation 
and add('d as above jirovided to tlie alcohol in llie mixing tank, Hie oHieer must 
cause th(‘ contents of the lank to Im' thoi-oughly and completely plunged and mixed 
by the distill(*r or his employees. 


Offickii to Make Returns of Dumped Material. 

Sec. 30. 'Pho officer will make return on tlie proper form, wherein he will show 
the number of jiackages of distilled siiirils insp('et(‘d liy him and duniqied in hia 
qiu'senee by the distiller, tlie serial imniliers of said packages, tlie serial numbers 
ol the waii'liouse slamqis aliix(‘d to said j)aekag(*s, the prool gallon contents of 
said Jiackages, and Hie lumu' ol tlx* gaugi'r who made Hh‘ withdrawal gaug('. 

Ih* shall also report on said form the number of drums of tiie w'Vf'ral kinda 
of denaturants gauged by him and dumpi'd in hispu'seufo, the sitIhI nuniliers of said 
(Inirns. Hie quantity in witie gallons, and, in the ease of w'ood alcohol, llie (quantity 
in qiroof gallons of each kind of denat iininf. gauged and dumqicd, the serial mimb(‘rs 
of th<' tanks from which tlic denaturants wore* drawn, and tlie tank suinjile number 
of siiid (h'naturani. 

Drawing Off and Oauging Denatured Product. 

Rec. 37. The distiller may from time to time, as lie wishes, in tlie pn*senee 
of the officer, draw off from the tank or tanks the denatured qiroduct in quantities 
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of not loss than 50 gallons at one time, and the same mmst at once be gauged, 
stamjied, and branded by the oHicer and removed from the premises by the dis¬ 
tiller. 

Kind and CArAriTT of Pack.aoes E.sed. 

Sue. .SS. lie may use packages of a capacily of not les.s than five gallons or 
not more than one Imndnsl and thirty-live (155) gallons, and each package must 
be filled to its full capacity, such wantage Ixung allowed as may l>c necestiary for 
expansion. 

.\11 packages uscil to contain completely dcnatuml alcohol must lie painted 
a li/IU (jrei‘ii, and in no ca.se is a package of any other color to lie used. 


Adcohol 'ro BE Immedi.atedv UEN.ATUiinn. 

Kec. 39. No alcohol withdrawn from distillery warehouse for denaturing pur¬ 
poses .shall 1 k! iierinitled to i-cmain in the denaturing lionded warehouse until 
after the clo.se of business on the second day after the said alcohol is withdrawn, 
but all alcohol so withdrawn must be translerrcd, dumped, and denatured'before 
the close of business on said second day. 


Ai’Puc.vnoN Fou Gauge of Denatured Alcohol. 

Sec. 40 When the process of denat uring has been completed and the distiller 
desires to have the denatured alcohol drawn oft' into packages and gauged, he 
shall prc|)are a recpiesl for such gauge on the proper lorm. 'I'he re(iuc.st shall 
Slate as accurately as practicable the number of jiaikagcs to be drawn off and 
tlie number of wine and proof gallons contents thereof. 

'I'hi.s notice shall be directed to the collector of internal revenue, but shall 
be hatch'd to the officer on duty at the denaturing bonded warehouse. 

Sec. 11. If the officer shall find ujion examination of the proper record that 
there sliould be on hand the (piantity of deiuitured alcohol covered by said notice, 
he shall pro eeil to gauge and stiimp the several packages of dcnaturetl alcohol 
in the manner hen'in prescrilod, and shall make report thereof on the proper form. 

In no case will the olficer gauge tind stamp denaturad alcohol the total (piantity 
in wine gallons of which taken together with any remnant that may lie left in the 
denaturing tank exceeds in wine gallons the sum of the quantity of distilled 
spirits and (ienaturants dumped on that day and any remnant brought over from 
previous day. 


How Denatured Ai.cohol shall be Gauged. 

Sec. 42. The gauging of denatured alcohol shall, where it is practicable, be by 
weight. The officer shall ascertain the tare by actually weighing each pack^e 
when einjity. Then, after each package has been filled in his jin'sence, he shall 
ascertain the gross weight, and, by apiilying the tare, the net weight. 

He shall then a-scertain the proof in t he usual manner, and by ai>plying the proof 
to the wine gallons content the proof gallons shall jie asceiTained. 

The regulations rebating to the gattging of rectiiied spirits, so far as they ^PPly b® 
apparent (iroof and apparent proof gallons, shall apply to denatured spirits. Where 
it IS for any reason not practicable to gauge denatured alcohol by weight, using the 
tables that apply in the ease of the gauging of distilled spirits, the gauging shall be 
by rod. 

IIetukn on Form 237a. 

Sec. 43. flavin- g.auged each of .said packages, the olfieer shall make return on 
Form 237a, whereon he shall first certify that he has carefully examined the di.s- 
tillcr’s denaturing account, and that the aggregate contents of the several packages 
©mbraceii in said return, added to any balance that may be on hand after they are 
withilrawn, does not exceed in proof gallons the quantity shown to be in the mixing 
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tank bv the distiller’s denaturing account. Usually there will te a slight loss in 
proof gallons in process of denatnration. If there is a material loss, however, the 
ifficer Slnmld ascertain the cause and should include the exphuiatioii in his report 
The rcfiim aiso whow iu the pro))i'r coIuiuhm in (idaii tiu* (•a])aci(y of each 
piU‘k:iff<', Us ffros.s , ture, net weight, li l>y wei^liJ, iiuljcul ion, teinpera- 

tun‘, net w/ne pa//ons contents, proof, proof ^a//ons conteiKs, apj)arent proof, 
ajjpurent proof pillions contents, the si'riiil niunher of tlie tienatiiretl alcohol stamp 
attixeil to th(; jiackape, and the st^rial number of tlu' packape. 

This return must be in duplicate, and must be forwarded to the collector of the 
district. 

Manneu of Maukincj Heads of Packages. 


Sec. 44. Upon each head of the packape shall l>e sti'uciled in red letters, of nOt 
less than inches in length l>y 1 incli in widl li, the words “ J)ENATrnED Alcohol.” 

Upon t.hc stamp h(‘iul of the packape there shall he stenciled tlie serial number of 
the packape, the name of tlie distiller denaturing the s])irits, the numher of the 
denaturing bondi'd wareliousii at which the spirits were* denatured, and the district 
and State in which it is located, the date niam which the contents of the pacakge 
were denatured, and the serial number of the denatured alcohol stamp. 


Packages to be Nilmbered Serially. 

Sec. 45. Packages of d<‘natiire<l alcohol must l>e numberi'd serially as they are 
withdrawn and panged. Tlie serial number for every denat uriug bonded wanhouse 
must, liegin with numlx^r 1 with the iirst cask denatured, and no two or more pack¬ 
ages dcnat.nred at. the same denat uriug bonded warehouse shall be miniborod with 
th(‘ same mnnlier. A clianpc of person or ]iersons operat inp a dist illery and denatur- 
inp bonded wareliousi' will not be taken to require a new' wrics of numbers for the 
packages of spirits thereafter denatured at such warehou-sc. 

StVMBS for l)E.NATUItED AlCOIIOL. 

Sec. 46. The following form of stamp for denatured alcohol is hereby prescribed: 


STAMP FOR DENATURED ALCOHOL, NO.-. 

Issued by-, collector of th(‘-district, State of-, to-- 

--, deiiiit urer of ali'ohol in said collection dist rict,-,-, 19 —,-proof 

gallons,-wine gallons. 

-, U. S. Officer. 

Thes(‘ sfamp.s are to bo made of wliit e paper, t lie let tering 1 o bo red. 'Ihey are to 
be liound in book form, eneli book containing 150 stamps, only one denoniirmfion 
b(‘inp contained in cacli book, 'i’lie deiioniinutions are to be 5, 10, 20, JIO, 40, 50, 
(U), 70, SO, IM), 100, 110, 120, and UU) gallons, respectively, with proper number 
coupons attached to each, and each coupon representing one gallon. 

In using t.he coupons on said stamps the same rule will be followed in dealing 
witli frai't ional parts of gallons as an* observed in tin; case, of red iliei’s stamps; tliat 
is to say, if the fraction is li'ss than five-t<'nths of a gallon it must be dropped, and 
if it is mon* than five-tentlis it is ealh'd the next unit above, (’onnccted with each 
stain]) is its corresponding stub, wliich the ofliccr must fill out in accordance wdth 
the facts in the ease. 

Tlie st.-imp must lie signed by the officer, and he will enter upon it the date upon 
which he affixes it to the packape, ttie number of w’ine and ]>roof gallons, the number 
of (be ilenaturing bonded warebouse, and flic name of the dimaturer. 

Sec. 47. Stamps for denatured alcohol will l)e intrusted to the officer assigned 
to the denaturing bonded warehouse. He must k(‘on these stamps continuously 
in his possession, and when not in actual use the hook must, be deposited in a safe 
and secure nlacc in the denaturing bonded warehouse under lock and key, to which, 
no one sliall have access at any time except himself. 
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The o(Rocr must make a daily report to the collector of all denatured alcohol 
Btarapa used, and for whom used. 

Disposition of RboKs, Stuph, etc. 

Sec I.S. When all the stamps in any hook have been used, the book with the 
stubs will bo returned to the collector, who shall forward it to this ollicc. The stubs 
and umised coupons must remain in the bo<jk. „ , . j 

tiHiccra arc advised that they will be held strictly rc.sponsiblc for .all denatured 
alcohol stamps delivered to them, and they are cautioned aRainst athxmg such 
Btamns to iiaekage.s which <lo not correctly represent the eliaraeterof the contents. 
They mu.st know that all the statements on the heads of the packages are strictly 
true. 

Duties of Offk'eii in UF.oAitn to Mixinu T.vnk. 

Sec. 4!). The mixing tank is aiisolntely under contnd of the ollieer in charge of 
the waix'honse. If it becomes necessary for him to leave the denaturing lionded 
warehousi' during the process of denaturing, h(' must close and kick all openings 
to said lank and must retain the key in his posse.ssion, mid all other per.sons mnst 

leai'c the building. ... ... 

t\'hen the work of the dav is done the otneer must ascertain the (piantity ^ 
wine mid proof gallons of any remnant of denatured aleohol that iiiay be on hand, 
and on each day be ore any further denaturing is done he mii.st, before anything is 
dumped into Ih'e denaturing tank, aseerlaiii the iiiiantily in wine and proof gallons 
of any remnant that may be in the lank. 


Hecoup of OpEn.tTioNS to be Kept by OrricEn. 

Sfc to 'I’he ollieer assigned to duty at, the denaturing bonded w.arehoiise shall, 
in a book prescribed for that luirpose. keep a true and correct record of the opera¬ 
tion at said denal nring lionded warelioiise. rr.-ni • *1 II 

Said book shall show on the ilebit side, in the ease of distilled spirit.s, the date 
upon which the spirits were dumpeil, the number ol packages dumped, the serial 
numbers of .said packages, t,he serial numbers of the wareliou.se stamps, the dale of 
permit the dale of witlidrawal from the distillery warehouse, the name of the olhcer 
wiio iiiiide Ihewilhdrawal gauge, the wine gallons and proof gallons Intheease 
of (l(‘naturinf; assents, «ai(l record imist show on said (/cod. side the date on wliioh 
said deieitiirni"- awnts weie dumped, the kind of niiiterial, the number of the 
denaliiriip' tank from which taken, lh(> tank smuiile number of the denatiiru.d, the 
date upon which the smuple was inspected, the quantity m wine gallons, and, it 

metiiyl aleohol, the quantity in iiroof gallons dumped. 

If there is more than one dump made during the d.ay .se/wrnfc entries mnst be 
made for each dump, lint I lie totals fort lie day mnst be carried forward and entered, 
in the proper eoliiinns in red ink. • , , , , , ... 

I)n file eredit side of said record mnst be entered the denatured product drawm 
from dump. Tlie entries must lx- made in the projicr columns and must show the 
number of packages of denatured aleolioi drawn from dump, the serial immbers of 
• the denatured stamps, the date upon which said packages were withdrawn from 
duint) and gauged, I he mimher of wine gallons and the number of proof gallorts, and 
to whom delivered and the lioiir removed from the den.aluring premises. 

if tliere is more than one lot drawn off .anil gaiigial (hiring the day, a separate- 
entry must lie made for each lot, but tlic tol.al wine and proof gallcins drawn off 
and gauged tor the day must be carried forward ami entered in red ink in a column. 

prepared for that purpose. ..... , . , . . n . i i, 

There tiiiist also he eohmins in said hook m which to enter the renimint brought 
over from the previous d.ay.the total quantity of distilled spirits and denal,iirants 
dumped during the day, the quantity withdrawn from dump and gauged during the 
day, and the quantity'left in the mixing tank at tlie close of Inisiiiess. 
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r)KNATi:itEi> Alcohol to he Removed from Wakehouse. 

Si'T ')! Nol liiicr tlian tlio close of business on (lie day following that upon 
whieli ( lie uorkoi draunig oil and giiugiu^r llie denatim‘d spirits is completed, tho 
distiller must remove said deiiutured aleoliol from (lie denaturing l>onded ware¬ 
house. He may either remove' the aleoliol to a building off (he distillerj'premises, 
where he can dispose of it as the demand.- of tiu' trade n'.-juiri', or lie may dispose of 
it in stamped packages direct to the trade from the denaturing bonded warehouse 

Rkcoiw •'Showing Alcohol Heceivkd a.\d Disposed of to he Kept nv 
DiSTILLEIt. 

Sec. 52. The distiller must keep a reconl (Form 52d and 52e) in which he shall 
diow, res])(‘cliv(‘ly,aU denatured alcohol received from the officer in eliargc ot the 
warehouse and dispow.*d of by him. 

I'pou the “Received” side he shall enter the date upon which he receives any 
denatured ah'ohol from Hie denaturing bonded warehouse,tlie number of packages 
received, Hie serial numbers of tlie packages, the date upon which the alcohol was 
denatured, the name of thi' officer, the kind and percent,age of tlu' demiturants us«*d, 
tli<‘ serial number of Hie denatured aleoliol st aiuji, and tlie aggregati' wine aiul proof 
gallons. 'I'hese entries must be made on Hie same day the denatured alcohol is 
received. 

On the “dispo.sed of” side Hie distiller must show' the date upon which he de¬ 
poses of any deiiat ured ah'ohol, tlu' naiiK' and addri'ss of tln' iierson or firm to whom 
siUd or delivered, if a manufacturer, the kind of a manufacturer, th(‘ kind and per- 
<'cntage ot Hie denaturing agents usc'd, llii' numlx'r ol packages, Hie serial numbers 
of till' packages, tlu' sc'rial numbers of the denatured alcohol st amps, and the aggre¬ 
gate wine and )>roof gallon contents. 

Thi'si' entries must be made iK'fore Hie goods are removed from Hie denaturing 
bonded warehouse, if sold direct from there, or from the salesroom of the dis¬ 
tiller otf the premi'^es, if sold from then'. 

Sec. 5:h St)aees and columns must 1h^ provided for at the bottom of said record 
wliereiii can be shown the (juantityof denatured alcohol brouglit ovi'r in stock 
from Hie previous inouHi, the quantity received during the month, the quantity 
disposed of during the month, and the (plantity remaining on hand at the end of 
the moiiHi. In this statement must be shown Hie number of packages brought 
over, recc'ived, dispo.si'd of, and on liund, the sc'rial numbers of said packages. 
tJie serial numbers of the denatun*d stamjis, the wine gallons, and the proof gallons, 

Monthi.y TnANsruiPT. 

Sec. 54. Refore the toiiHi day of c'acli month Hie dis1.ill(*r must prepare a 
comph'te transerpit of this record, must .swear to same, and must forward it to 
the collector of tlu* district. 

Said affidavit shall Im' in the following form; 

T,-, do stale on oath that 1 am-of denaturing bonded 

'warelious(' No.-in Hie-district of-, and (he above is a true, eor- 

reet, and complete' statement of the di'iiatured alcohol received by me from s.aid * 
denaturing bonded warehouse, of Hie denal ured nleohol disposed of, to whom dis- 
jiosed of, and of the dc'iiatured alcohol on hand at Hie end of Hie month. 


Colleotous to Keep Accounts w'ith Denaturers. 

Sfa'. .55. Collectors must keu'p an exact account with each dematurer of alcohol 
cm record (Fonn ffffa) in such manner as to be constantly advised as to Hie state, 
of (he denaturep’s business, and tliey must cx'crcise such supervision over the 
i.ssue of .damps for denatured alcohol as will prove'nt fraud in tlieir use. 

'I’ho entries in said rc'cord nui.-t be made daily. Said entries are to be 
made from the officer's returns on Form 122a and 237a. Under the heading “Mate- 
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rial dumped for denaturation ” must be entered in the case of distilled spirits the date 
of the dumping, tlie number of packages, tlie serial numlwrs of the packages, the 
serial numbers of the warehouse stamps, the date of tlie collector's permit for 
witlidrawal, the date of witlidrawal from distillery bonded warehouse, the name 
of tlie withdrawal gauger, and the wine and proof gallons. 

In the ease of denaturants there must be entered in proper columns the sc‘rial 
numbers of the tanks from whicli the denaturants wen* drawn, the tank sample 
nutnber of the denaturant, the dates upon which said samples were itisp(‘ctcd, 
and the number of gallons of vcich of the sc‘veral kinds of denaturant dumped. 

Under th(* heading “.\lcoliol l)enaturc<I,'’ in the proper colmnns, shall be 
entered the date of denaturation, tlu* numbers of package denatured and gaug<‘d, 
the serial numliers of said package's, the st'rial numbers of tlio denatured stamps 
attached to them, the name of the odiicr, and the quantity of alcohol in wine and 
proof gallons th*natured and gauged. 

Pro)M*r columns and spaces sliall be provi<lcd at the bottom of this record 
wlicrc sliall be ent('red at tlie end of (*ach month tin* (juantity in wine and jiroof 
gallons of denatured alcoliol remaining in denaluring tanks brought ov(‘r from 
previous month, the quantity of niah'rial dumped for denaturation during the 
month, the (piantity drawn from the denaturing tank, gauged, and ivmoved from 
the pr mises during the month, and the (juantity left in tlie mixing tank at the 
end of tlie montli. 

Distilleii’s RrTiTiiN TO nn Comcaued avith (kiLLECTon’s Record. 

Sec. 50. The distiller’s n*turn on Form 52d should be compart'd with this 
record at the (*nd of each month. The numl^er of packagi's, serial numbers of 
the jiackages, and numlM'r ol gallons rec(‘ived by the distiller from denaturing 
bonded wan'house should agree with tlie :i0a as mad(' up Iroru the olKcer’s 2.^7a. 

Manner op Hani)Lin(J and Testing Samples op DEN\TTmANTS. 

' Sec. 57. When tla* distiller at any dt'natiiring bonded warehouse lias dumped 
into any material tank a (juantity of a jirojiosed (h'liaturant as hen'inbetore pro¬ 
vided, the othc(‘r .sliall draw a .samjdc fjom said tank. A heavy glass bottle, which 
must bo provid(‘d by the distilh'r, sliall b(* used as a eonlainer for said sample. 
I'he bottle must be »*curely closed and sealed, and a lalx'l alh.v'd thereto, showing 
the serial nunilx'r of the denaturing mat(‘rial tank from wliieli tlu* sanijih* wa» 
taki'ii, the date it was drawn from the tank, and tin* name of the ollieer sending it. 

The sample shall be s(*eurely packc'd and sent by express to the most con¬ 
venient laboratory lor test. All expenses in connection with the forwarding of 
samples must b<' borne by the distiller. 

As soon as practicable the iieoe.^sary tests of tlie sample shall be made in the 
laboratory and ix'jiort made of its character. 

One eojiy of tlic report should be sent to the collector of infernal revenue of 
the di.stfiet, and ( he otlier should be sent to the officer in charge of the denaturing 
bonded warehouse. 


Part II. 

DEALERS IN DENATURED AT.OOHOL AND MANUFACTURERS USING 
DENATURED ALCOHOL. 

Sec. 58. Alcohol denat ured by use of methyl alcohol and benzine as provided 
in Fseetion 20 of tliese regulations is to be classi'd as Cornplcieltf demturA alcohol. 
Alcohol denatured in any other manner will be classed as Spccwlbj denatured alcohol. 

Denatured Alcohol Not to re Stored on Certain Premises, and Not to bb 
Used for Certain Purposes. 

Sec. 69. Neither completely nor sjiecially denatun'd alcohol shall lie kept 
or stored on tlic premises of the following class(*s of jiersons, to wit: dealers in 
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winos, fprmcntpd liquors or di.stillpd spirits, rectifiers of spirits, manufacturers of 
and dealers in beverages of any kind, manufact urers of liquid nipdiciual preparations, 
or ilistillers (except as to sueli denatured alcohol In stainped jiaekagcs as is inanu- 
faclurcd liy themselves), manufacturers of viiwigar by the vaimrizing process and 
the use of a still and mash, wort, or wash, and persons who, in the course of busi¬ 
ness, have or keep distilled spirits, wines, or malt, liquors, or other beverages stored 
on their pretnises. I'roovied, That druggists arc exempt from the above pro¬ 
visions. 

Cannot ue Used in MANttFACTuniNG Beveuaoes, etc. 

Sec. (iO. Any one using denatured alcohol for the manufacture of any beverage 
or li(|iiid medicinal preparation, or who knowingly .sells any beverage or liipiid 
niedii’inal ])re|iaration made iu whole or in |)art from such alcohol, becomes sub¬ 
ject to the penalties jirescribed in section 2 of the act of Jittie 7, KlOfl. 

I'nder the langtiage of this law it. is htdd that detiatimnl alcohol cannot lie used 
in the preparation of any article to be tised as a cotiipoiient part in the prepara¬ 
tion of any beverage or liquid inedicinal preparation. 

PEievitTs Reuuiiied. 

Sec. B1 . rertions who wish to deal in complet ely denal ured alcohol must secure 
permits from the collector of internal revenue of the dhslrict in which tlie business 
is to be carried on. 

Every iierson who sells or offers for .sale lienatured alcohol in the original stamped 
packtigc shall be classed os a vdwksak ilmkr in tkiialurni alcohol, and denatured 
alcohol shall not be sold in quantities of 5 gallons or more except in the original 
atatiipcd packages. 

Every person who sells or offers for sale denjit.ttred alcohol in quantities of 
less t hati .'1 gallons shall be classed as a rdaii dcAikr in dcmlurcd alcohol. 

The same person may be both a wholesale and a retail dealer, but the rciail 
and the wholesale business will be considered seiiarate, and permits must be,'' 
iseeiired for eaeli. . ■ 'J 

t'ollectors are authorized to ksue permits on the forms herein prescribed upon , 
appheat ion duly made. ^ ' 

Said permits arc to lie numbered serially in the same manner m which special- 
tax stamps are now numbered, and are to be on the forms herein prescribed. 

Appi-tcation for Peumit to he Eileii with Collector. 

Sec. G2. A (lerson, firm, or corporation desiring to secure a permit to Bell 
denatured alcohol must make application on the following lorm: 

[FOliM lltt.) 

The undersigned,-, stales on oath that he is a member of the firm 

(corporation) of-, doing business at-, and said firm (corporation) eon- 

gists of-- and is local eil at-, in the eoiiiity of-and Stateaaf 

__. 'J'he premises of said eoiieern are located on-street, and are He- 

Rcribed as follows: --and said luemi.ses constitute all of the ])reniises used 

|,y_in-said business; that, no part of said premi.scs is used liy any one 

in the husineRS of a distiller, manufact iirer of wines or malt liquors, a de.Tlcn in 
wines, malt liquors, or di.stilled .spirits (excepi druggists), a rectifier of Bpirits,_a 
maiiufacl.urer of or ilealer in any kind of beverage.s, a manufacturer of any liquid 
medicinal iircparation, or a manufacturer of vinegar jirodiieed by any vaporizing 
process from mash, wort, or wash, or by any person (except druggists) who m 
the course of his business keeps or stores distilled spirits, wines, or malt liquors 

Appiieani binds himself and his-to eomply with the law and all the regu¬ 

lations relating to the handling and sale of denatured alcohol. 

He desires to deal in denatured alcohol in the original stamped package (or m 
quantities of less than five gallons), and he therefore requests that a permit be 
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isstiod to him to receive denatured alcohol in stamped packages upon his premisca 
and to sell same in original stamped packages (or in (juaritities of icss than five 
gallons). 

(Signed)-. 

Sul)S(;ribed and sworn to before me this-day of-, 190—. 


In the case of individuals the application must l)e signed and sworn to either 
by tlic inividual himsc'lf or by his duly authorized att(»rney in fact, and either 
a general |)ower of attorney or a power specially authorizing the attorney in fact 
to act must ac.eoin|)uny the application. 

In the case .of eori)oratiouH the application must be sigTH'd and sworn to by. 
the duly autliorized olHccr or agent of the corporation, and a c<'rtified copy of 
the minutes of the board of directors authorizing the party, either generally or spe¬ 
cially, to perform tlie act must accompany the application. 

Pkrmits Kximuk June 30 Each Year. 

Sec. 03. Applications to deal in dcmatim'd alcoliol must l)c made to the collector 
of internal rev(‘nue of tlio district in whicli it. is )>ronosed to do business on or Ix'fore 
the first day of July of (‘ach year, or before any denatured alcohol is i-eceived on 
the premis(‘s, and said appli<‘al.ion will expire on the 3()tli of June ensuing. 

In cas(^ a deal(*r in denatured alcohol moves his place of b»isincss before the 
expiration of tlie fiscal year for winch the pennit was issued ho must make applica¬ 
tion for the transfer of liis permit to the place to which he moves. 

Permits to be Canceled under certain Conditions. 

Skc. 04. If it should appear on proper showing made at any time tliat the party 
to whom a permit, to d(*al in denat ured aleoliol has l)een issued has wilfully violated 
,^ny of the provisions of tlu‘ law or regulations relating to tlie using or handling of 
•denatureil aleoliol, it. shall lie the duty of the collector of internal w^veniie to cancel 
tiie p<*rmit. 

Appi‘al for rehearing may l>e made to the Commissioner of Internal Revenue in 
any case when‘ a permit, has lieen canceled, and the (‘ommissioiier may, if he thinks 
the facts itjstily it, reverse the action of the collector in canceling the permit. 

Form of Permit. 

Sec. fi.'. Q'he collector’s permit will l>o in the following fonn: 

'i’his is to certify that, application having lK.‘en made to mo in due form, per¬ 
mission lo engage in the tmsiuess of wholesale (retail) dealer in denatim'd alcohol 

is hondiy givim to-, at-, on the following-described premises 

— . saief ])cnnit to expire on June 30,-. 

Right to cancel this permit is hereby reserved, should it at any time appear on 
pro])er showing made that t he said party has wilfully violated any of the provisions 
of law or regulations mgarding denatured aleoliol. 

Colkrtor - J)i.strict. 

Collectors to Keep Record of Dealers, Denattirkus, etc. 

Rec, Ofi. Colloetors shall keep a record (Rook Form 10a), in which shall Iao 
^ten'd the names of all distillers who hav(‘ qualified as denaturers of alcohol in the 
district, and the names of all wholesale and retail dealers in denatured aleoliol; 
also mauufaetunTs using specially and tho«e using completely dimatured alcohol. 
Said record shall show' (Ik* name of the party, his residence, and the date, numl>er, 
and w'heilu'r he is a dcahu*, distiller, or manufacturer. This record shall be open to 
public ins[)ection. 


Wholesale Dealers to Keep Record. 

Sec, 07. Wholesale dealers in denatured alcohol shall keep a record, in which 
they shall enter all the denatured acohol leecivcd and disposed of by them. 
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On tlic roPt'ivcd side they sliall enter tlie date upon which the package of dena- 
lun*d alcohol was i-eceived. the name and address of the persons from wfiom received, 
the district and Slate in which the alcolml was denatiiit'd, the number of packages 
received, the serial niimhers of the package's, tiie serial numbers of the stamps, and 

the wine ami proof gallons. . 

These* cut ties shall l)e made m satd record upon tlic day on which the dealer 
receiv(‘s t,lie dt'nal lued aleoliol and before it is rrmioved from his premises or any of 
the package^ aiv Imtken. ,.,,11 11 

On the disposed-ol side of said record llie dealer shall enter tlie date upon which 
he dispoM's ol any denatured alcohol, the name and address of (he person to whom 
disposed ot, whellier tlie purchaser i'' luanulacluu'i or (leali‘r, tin* name of the dena- 
tur(*r and the district in wliicii the alcoiud was deiuiluivd. the mimbiT of packages, 
the s(T':il numhers of the the serin] niimliers ol tlie denatured alcohol 

&7;i/nps, and tlie aggregate numlier of wine anti jiroot galltms. 

77ieHe entries must he made hejore the alcoiiol is rt'inoved from tlie premises. 

In ease the dealer is a retail dealer and the alcohol is eiiarged oIT to Jiitnsell as a 
retail dealer, the entries must be made in said record lu'tore (lie paekagt' is opened 
or any aleoliol is drawn from it. 

(’oluiiins and spaces must ho arranged in said record in wliich at the end of tlie 
month the dealt^r must enter the niimln'r of packages, the serial numlx'rs of the 
packages, and the quantity in gallons of tieiialured alcohol on liand on the first 
day of the month, receiv(‘d during the niontli, disposed of during the month, and on 
hand at the end of the month. 

WnOLKS.^LE DeALI'IU to M\KE MoNTUI.Y TllANSCKieT. 

Sec. OS. 'J'he dealer must make a transcript of this record each month, must 
swear to it befon*^ some ottieer autliorized to udminiKler oaths, and must forward it' 
to th(* eolleetor of the district before tlie lOtli day of the ensuing month. 

Said alUdavit may hi* in the following form: 

1, -- do state on oath tliat I am-, of tlic business of-, 

wholesale dealer in denatun'd aleoliol, and lliat the al>ove is a true, correct, and 

complete transcript, of the record showing tli<‘ business done by-, as sucli 

wholesale dealer in denatured alcohol, and tlial said record is in every rcspecl a 
true and correct n*cord of the biisini'ss done liy said dealer during the mouth of 
—-, UK)—, and of the balance of alcohol on hand at the (‘nd of said month. 

Subscribed and sworn to before me this-day of-. 


Re(X)ki) alw'ays Open to Inspection op Officeks. 

Sec. 60. 'fliis record must be open at all times to the inspection of all internal, 
levenue officers or agents. It must 1 h* preserved by the deah^r for two years- 
Wliok'sale dealers in denatured alcohol must keep a sign in legible and durable 
letters jiostcd in a conspicuous place on the outside of their l>uilaing, as follows: 

“Wholesale Dealer in Denatured Alcohol.” 

Bills of Lading, etc., to be Treseuved by Dealers. 

Sec. 70. All donaturers of alcohol and wholesale dealers in denatured alcohol 
must presiTve for two years all bills of lading, express rect*iptK, dray tickets, and 
Ollier similar papers showing shipm<‘nt of denatured alcohol, and such papers must 
Ikj submittt‘d to any internal-revenue officer or agent who makes recjucst for same 
for inspection. 

• Assistance to be Furnished Officers. 

Stic. 71. Dealers in denatured aleoliol shall ke(‘p tlic permits issued to them 
posted in a conspicuous place. They must furnish internal-revenue officers or 
agents th<^ help and all the facilities necessary to liandle the packages of denatured 
aleoliol when said officers arc making inspections. 
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Retail Dealers to Keep Record. 

Sec. 72. Retail dealers in denatured alcohol shall keep a record, in which 
they shall enter the date uiK)n which they receive any package or packages of 
denatured alcohol, the person from whonj received, the serial numbers of the pack¬ 
ages, the serial uumi)ers of tla; denatured alcoliol stamps, the wine and proof 
gall(>ns, and the date upon wliich packages arc opened tor retail. 

'riic transcript of each montli’s business as shown by this record must be pre¬ 
pared, signed, and sworn to and forw'arded to the collector of internal revenue 
of the district in wliicli tlie <lealcr is located before the 10th of the following 
month. This transcript must be signed and sworn to by the dealer himself or by 
Ids duly authorized agent. 


Labels to be Placed on Retail Packages. 

Sec. 7.'!. Retail dcak'rs in denatured alcohol must provide themselves with 
laliels upon whhL the words “Denatuhed Alcohol" have l>e<*n printed in jilain, 
legible letters. Tlio printing shall bo red on wliite. A label of this character 
must be allixed by tlie deah^r to tlie container, whatever it may be, in the case 
of each sale ol denatured alcohol made by him. 


Stamps to be DevSTroyed w'hen Package is Empty. 

Sec. 71. As soon as the stamped packages of donaturc'd alcohol are empty 
the dealer or manufacturer, as the cas(' may b(', must thorouglily obliterate and 
^completely destroy all marks, staupis, and l)raiids on the packages. 

* 'Plic stamps shall un(U*r no cireuinstanet‘s be nuised, and the }>aekages shall 
not be nTillcd until all the marks, stam])s, and brands shall have l)oen removed 
and destroyed. 


MaNUFACTUHEUS lislNG COMPLETELY Df.NATUBED AlCOHOL TO SeCTIBE PerMIT. 

Sec. 75. Manufacturers desiring to use completely denaturt'd alcohol, such 
as is put upon the mark(*t for sale generally, may use such alcohol in their business 
sul>jcct to the following restrictions: 

A manufacturer using less than an average of .50 gallons of denatured alcohol 
’ per month will not be requir(*d to secure |»ermit from the collector or to keep 
records or make returns showing the alcohol received and used. 

Manufacturers wlio use as much as .50 gallons of completely denatured alcohol 
a month must procure such alcohol in stamped packages, and before beginning 
business the manufacturer must make atipHcation to the collector of the proper 
district for permit, in which application lie will state the exact location of his 
place of business, describing the lot or tract of land upon which the plant is locatcdi 
and must keep the alcohol in a lock<*d room until used. 

Sec. 7G. The permit shall be in the following form: 


PERMIT TO MANUFACTURER TO USE COMPLETELY DENATURED ALCOHOL. 

It appearing upon application duly made by-that, under the act 

of June 7, IfKlG,-should be permitted to use completely denatured 

alcohol, in quantities of more than 50 gallons per month, at-. factory of * 

-. in the county of-, State of-, in the manufacture of- 

permissiou is liereby given said.-to procure completely denatured 

alcohol in stamped packages and use same in such manufacture at said place. 

This permit expires-, 190—. 


Collector 


District -, 
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Evert Facilitt for Examination to he Afforded Officers, 

Sec. 77. Doiialurcis of alcoliol, dciilcrs in clenatiirod aicohol, and persons who 
use it Iiiii.st alloid every laeility to revenue ollieers and employees whose duty 
it ih to iiiiike in\e.sti{:ation as refardti Mieli alcohol. The preihises upon whieh 
tli<‘ alcoliol la denatui-ed oi sold or in any mantier handled must he open at all liours 
of the dav or ninht (il the wune shoidd Ik' iieee.'i.sary) to revenue agents, inspectors 
and ile|iiity coPeetors; and all honks, pa))ers, or records of every kind, character’ 
or dcsciipl'ioii ndaling to the alcohol handled hy .such persons must Ix' submitted 
to any rcremie olhi'cr lor ins)x‘Ction and the ollicer must lie permitted to make 
tran.scriiits or coirics ol such hook.s or papers, provided in the diseliargc of his 
duty he linds il necessary. 


Officer to T.ike Samples, 

StT. rs. .‘should any revenue ollicer for any reason suspect that any lievcrago 
0 rli<iuid medicinal preparation contains denatured alcoliol, he must secure samph-s 
of the suspected goods and fonvard them to his .superior ollicer, who will forward 
them to the projier chemist for analysis, .Sucli sample.s should he so marked as 
to identify them. Any internal-revenue ollicer is aiithoiized to lake samples 
of denatured alcohol, wherever found, and at such linies as il may he deemed 
■necessary, said samples to he suhndtteil to the proper otlicial for examination. 
These .samides will, under no circumstances, he more than will he needed for analysis 
or examination. 


PAKT HI. 

SPECIAL DENA’TURANTS. 

Sec. 70. As the agents .adapted to and adopted for u.sc in complete denatnral 
lion render the alcohol denatured unlit lor use in many industries in which etliy- 
aleohol, withdrawn tr-ce ol tax, can Iw prolilahly emjiloyed, therefore, in order to 
give lull scope to the o|X'ialion of the law, spr'cial denaturants will he authorized 
when ahsohilely necessary. Yet the striclcsl, .surveillance must he e.\creised in the 
handling ol alcohol incompletely or specially denatured. 

Formula for Special Denaturants to df. Submitted to the Commissioner. ‘ 

Sf.c. so. The ronmii.s.sioner of Internal Revenue will con.sider any formula for 
special denal mat ion that may Ire submitted by any manulacturer in any art. or 
indu.siry and will determine (I) whether or not the manufacture in which rt is pro¬ 
posed to use the alcohol Ix'longs to a class in which tax-free alcohol withdrawn 
under the provisions of this act rain hir used, (2) whether or not it is i.raiTicrdde to 
permit the use of the i)ropo.s<'d denat.urant anel at the same time jrroperly safeguard 
the revenue. But one special denalurant will he authorized for the same class of 
industries, unless it shtdl he shown that there is good reason for additional special 
denaturants. 

The (tommissioner will announce from time to lime the formulas of denaturants 
that will Ix' permitted in the several classes of industries in which tax-free alcohol 
can lx; used. 

Application for Permits to Use Special Denaturants. 

Sec. 81. Manufacturers desiring to use specially or incompletely denatured 
alcohol in their business must make anplieation lo the collector of internal levenue 
of the district in which the business is loeated. In this application the following 
information must be given; Tire location of the plant; the name and address of each 
partner or the corporate name, if a corporation; a complete description of each 
building on the manufacturing premises a.s to dimensions, partitions, apartments, 
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or openines; a complete description of the room or place in which it is proposed to 
keep the denatured alcohol stored as to dimensions, openings, and kind of materials 
of which constructed; the kind of business carried on and in which it is proposed to 
use the denatured alcohol; the special denaturants desired to be used and the rea¬ 
sons for desiring to use such special denaturants; the quantity of denatured alcohol 
it is estimated will be used until the 1st of the next July ioliowing; and if alcohol is 
recovered in the process of manufacture, the manner in which it is recovered, its 
condition when recovered, and the percentage so recovered. 

Stoukkoom to de Ret Aside —How Constructed. 

Sec. 82. A room or building must be prepared and sot aside in which to store 
the denatured alcoliol after it is brought upon the premises, and such room or build¬ 
ing shall be miinbercd serially in each collect ion district. 

Raid room must l)C on tlie manufacturiug premises, and it must be used for 
storage ot denatun'd alcohol, alcohol recovered in the j)rocess of manufacture, for 
the work of restoring and rediuiaturing such rc*eovered alcohol, and for no other 
purpo'i^'. 

It m ist. 1)0 sec\ir(.‘ly constnicted in such a manner as to render entrance impos¬ 
sible during the abstmee of the person in whose charge it is i)laccd. 

T!ie doors and wimlows must be so constructed that they may he securely fast¬ 
ened. All necessary openings must l>e under a prescribed lock, the key to be kept 
by the person designat'd to liave charge of the storeroom. 

A sign, “Denatured Alcohol Rtoreroom No. —must be placed over the main 
door of the room. 

Form of Application, and to Whom Made. 

Rec. 83. 3’he application miult' to llie collector by the manufacturer must !)C in 
diqdicate and in ti»e fomi prescrilx'd below; and a diagram showing the buildings 
on the manufacturing i)rcmises and their relation to each other must accompany 
the notice: 

NOTirF, PY M VNUFACTUHERS. 

Notice is hereby given that--of tlie-of-, county of 

-and State of-inti'nd—, under the name* or style of-, to 

carry on. after the-day of-190—, on the premia's owned by-- 

--, sit uut e No.-st reel, in the-of-, county of-and ■ ■ 

of-. 

(Name of all partners interested in tlie business, if a firm, or name of corporation 
if a corporation, with residi'iicc.) 

(Particular description of tlie lot or tract of land on w'hich the buildings used in 
the Imsiness are located.) 

(Size and description of all buildings on the manufacturing premises and material 
of which construct(‘d. Purpose for which used.) 

(Statement of the title under which the premises on which the manufacturing 
business is situated is held and the name or names of the owners thereof.) 

,Said-— desires to use specially denatured alcohol, at-proof, 

in manufacture of the said-, the alcohol to be denatured by the use of the 

following agents as (h'naturants, --, and ha-provitled and ^t aside 

a storeroom on said pn'injses in wfiieh to store said denatured alcohol, said store¬ 
room being describeil as follows:- 

It is estimated that-proof gallons of denatured alcohol will be used in the 

manner indicated between the-day of-aAd the-day of Jvily, 190—. 


Subscribed and sworn to before me this-day of-, 190—. 

Rec. 84. This notice will be given in all cases before beginning business or before 
using sj>eeiaUy denatured alcohol in said business, and on the first day of July of 
each succeeding yi^ar in cases where the business is continued. 
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The name of every person interested in tJic l>iisine.ss as a partner must be stated 
in the piofKT spaee, except in the case ol notices f^iven l)y incorporated companies, 
when tile names and addresses oi the officers of the corpoiation siioidd l)C given. 

The sifrttiitun' to (he notice when given by an imlividnal must in all cases ho 
made l>y tlu' manufacturer in p(*rson, or in his name by his authorized agent or 
attorney in fact. 

In cas(‘ of a firm, tlie signature musf be made in tlic firm name by a member of 
the firm or by some pcTson duly authorized as above. 

In case of a eoriioralion, ihe signature must be made in tlie name and under the 
seal of the eorporation by the pioper officer thereof. 

(•OLUECTOU TO CxUSE J’L.\NT TO BE INSPECTED. 

Sec. 8.'). Upon receipt of tlie foregoing notice tlie collector will, either by him¬ 
self or OIK' ol his de])uties, nrocced to the mauutacturing plant described in the 
application and notici' and ins))cct sami'. He will ascertain wfu'lhcr or not (he state¬ 
ments in the notiet* and n'presentatious on the ai’eompanying diagram are true and 
corn'd. and il lie finds tliey are, he will indorse' on (he notice tlie lollowing; 

1 hereby certify that 1 have examined tlie pn'mws ot —-. described 

in the witfiin applie-ation and accomjianying diagram, and J find the statemenis and 
representalaons therein made to be true and correct. 


- Collector, - District -. 

ConuE('Tou TO Examine Apitlication. 

Pec. Rfi. One copy ot Uie application will be retained by the collector and the 
other will be forwarcU'd to the (^onimissiotu'r of Internal Revenue, 'fiie colli'ctor 
will examine tfie application and will di'termine— 

First. Whether alcohol withdrawn from bond free of tax under the provisions 
of tliis act can bi' used in l,he manuiacture of (he article or artieh's it is pniposeu to 
manutacture at said place. 

Second. Whether the denatiirants proposed have been authorized by the Com- 
missiom'r of Internal Revenue for the class of industry in (|ueslion. 

Third. Whctln'r the premises can, umler thesi' regulations, be used for tlie 
storage of denatured alcohol- that is to say. whether or not. they come within one 
of the classes of promisi's upon whieli denatured alcohol cannot be .stored. 

Fourth. Whether the room in which it is proposi'd to slon* (lie denatured 
alcohol to bo brought upon the pn-mi-st's and used for mamifaetuiing pnrpo.ses, as 
indicated, is safe and .soeure and im'cts the requirements of the regulat ions. 

If the collector finds favorably on all the above propositions Ik* will approve tlio 
application. 

Sec, S7. If the industry in which it is proposed to use the denatuied alcohol 
has not Iw'en field by the Commissioner of Internal Revenue to bo an industry in 
which alcohol w’it hdraw’n under the provisions of this act can be used, dr if the pro¬ 
posed formula of denatiirants has not lM*en duly authorized, the collector wall take 
no action upon the applii'ation until the Commissioner has passed upon it and 
has duly advised him. 


MAVOFArriTRERS TO OlVE BOND. 

Bec. 88. If the application is approved the inanufacturi'r shall at once he notified, 
but before the use of specially denatured alcohol is]M'rmitted on the jiremi.ses, or at 
the place ilesignated in the application, the manufacturer shall file with the collec¬ 
tor a bond in tlie prescribed form, said bond to be renewed annually on the first 
day of July and to run until the first day of the following July. 

FORM OF M\NnFAfTU|{ER'» BOND. 

Know all men by these pn'sents, that-, of-, as principal, and 

■ ■ - -, of-and--of-, as Biireties, arc held and 
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firmly bound unto the T’nitod States of America in the sum of-dollars, to Ihj 

paid to tlie said rnited States; for the paynw'iit. ivliereof we bind ourscdves, our 
heirs, oxeculors, and administrators, jointly and severally, firmly by thes(; presents. 

Witness our hands and seals this-day-, nineteen Inmdix^d and-. 

The eonclition of this obligation is such (hat whereas the abovc-bounden principal 

is engaged in the business of manufaeturing-at - -, in the county 

of-State of —, and intends to use* in said inamifaelure alcohol withdrawn 

from bond free of tax and denalutvd in the following manner: - — said ah‘ohol 
so denatured to bo S4‘cur<‘d from any distiller with whom the said jirineijial <‘an make 
satisfactory arning(unents and tr.‘msj)orte<I from di'iiaturing bonded warehouse to 
said ]>uneipars manufacturing pienu.ses above described. 

Now, thereloH', if the (ml ire (luantity of alcolad so secured at denaturing bonded 

wart'house or warehouses is trausjiorled to the plac(‘ of business of th(‘ said-- 

-, and is s(.*eurely s((U'ed in (he denatured alcohol stor(‘room designat(*d and 

set asi(h‘ as s\jcli at said place and is there safely kept until it is lu'i'ded for use in 

the manuiaetun' (d-by said —-— and is used by said-- 

for th(‘ ))ur})OS(\s sjx'cilifHl and for no other purpos(‘s, and if the sjiid-^ 

or their agents or (‘inph^yees, shall faithfully cotuply with all the r(‘(]uiroinents 
and r(‘gulal ions im^scribed by (he (-'ommissioner of Internal Uevenne and a])proved 
by th(‘ Secretary of the 'I’reasurj’^ hi relation to the transjiorting of denatured 
alcohol from denaturing bonded wamh()us(‘s to mamifacturing e.stablishinents, the 
storing of said alcoliol on manufacturing jiremiK's, and the ke(‘ping of iwords and 
tlie making of returns and reports, then this obligation to be void, otherwise to re¬ 
main in full lorce and (‘fleet. 

And the obligors tor tlKunsclves, their heirs, executors, administrators and 
assigns, do further covenant and agr(‘e with the United States, in ea.se said (h*- 
natured alcoliol, or any ])art. thereof, is div(‘rt,ed from the jmrpose for which it. is 
intended, eitlau* in transit from the dimaturing bon(h‘d warehouse to tlu' manu¬ 
facturing establishment, or after it has In'cn stored in said manufaet uring estab¬ 
lishment , or shall be used for any ))ur)>os(‘s other than those specified above, well 
and truly to pay, or cause to be paid, to tbe collector afor(*Kaid double the legal 
tax on the whole amount of alcoliol so wrongfully divert^ed and u.sed. 

The tru(‘ intimt of thi.s obligation is (hat it will operate both as a transporting 
and a warc'housing bond. Tiiahility under it is to attach as soon as a}iy alochol 
specially d(‘natur(‘d at (iiiy denaturing bonded wandiouse shall leave said ware¬ 
house to 1 m‘ transported to the manufacturing pnmiist's of the ])rinci])ul herein. 
It is to cover said alcohol wdiile in transit, to said manufacturing (‘stablishment 
and aft(‘r it is stored in the desigiiat.ed stor(‘room at said establishment. It is 
intended to save the United States harmless becaust' of any neglect or wrongful 
act on the pact of f hc principal or .any of-— agents or employees done in con¬ 

nection with or in relation to said denatured alcohol, no matter whether said act 
or acts be the indcjMuuhmt. act of the principal or his t^ents, or in act or a(;ts dene 
pursuant to a conspiracy or an agreement with some officer or agent of the United 
States. 


Signed, seah'd, and delivered in the presence of— 

Tlie (lenal sum of (his bond shall be (he amount of the tax on th(* estimated 
quantity of denatured alcohol that, tlu* mamifactun'r will use during the year 
the bond is intended to cover, and at no time shall the manufaetim'r have on his 
premises a (piantity of denatured alcohol the tax upon which is more, than one- 
iialf of the ]*(*nal sum of the !>ond. The manufacturer may, at any time it may 
appear tliat the bond for any year is in.sufliciont, give an amiitionar bond. 

There must bo at l(‘ast two sureties to the bond and they must make the usual 
affidavit on Form No. 3:1, unless under authority contained in tlie act of August 13, 
1894, a corporation duly authorized in writing by the Attomey-Cieneral of the 
United States to do business under said act shall be offered as sole surety. 

The Christian names of the signers must, lx* written in the body of the bond 



402 


DENATURED OR INDUSTRIAL ALCOHOL. 


and 80 signed to tlie bond. The residence of each signer imist be stated in the 
boy of the bond. 

Knell signature must be in tlie presence of two witnesses, wlio must sign their 
names us such, and a seal of nnx or wafer must be attached to each signature. 

CoLLi'XTon TO Appuove Bond. 

Sko. 80. Tli(‘ bond, after being duly executed, will U' deposited with the col¬ 
lector ol intcTiial revenue, «lio Mill examine it candully. lie Mill also investigate 
as to the solvency of the sureties. B lie huds the bond to be suHicient, lie M’ill 
approve it and lorMard it to tlx* C'oiumissiouer of Internal Ueveiuu', togctlier 
Mith liis c(‘rtilicat<‘ to the <‘lTeet that 1 h‘ iius i-xamined the liond and hiuls it made 
in accordance mUIi the regulations, and tiiat the sureties are sutlieient. 

If u]U)n nwiupt and examination of (he bond 11 h‘ (omniissionor approves it, 
ho Mill notify (he collector, and tliereafter, during the life of the bond, it will be 
huvbil for the manufacturer to receive and transport, to liis manufacturing premihea 
from liny distilh'r M ho is a d(*naturer of alcoliol, alcohol denatured in the manner 
prescribed in the ajipiication and bond. 


Collector to Issxte Permit. 

Sec. 90. T'pon the appiroval of the bond, tlie collector shall issue a permit, 
to the manulaclurer, M’liicli sliall lie numliercd serially and shall be in the follow¬ 
ing form; 


MANCFACTITREU’S PERMIT. 

This is to certify, wheix'as --, manufacturers of -, in the 

county of — — , State of — —, on the day of-, U)0— , made appli¬ 

cation for jiermit to usi‘ alcohol denatured in sp(‘cial manniT, to mtI., Iiy tlie use 
(,f — ^ 1,(1 the said application having b(‘en approved, said manufacturers gave 

bond as reijuiri'd by laM-, ami the same lias been ap]>roved. 

'I'ben'fore (lie said munufaciurers are here))}' autliorized and pennission is 
hiTcliy given them to receive* and have tninsporied to their premises and stored 
in their (h'signated storeroom for denatured alcohol, alcohol denatumd in the 
manner alaive indicated. 

Tliis perniit expires July 1,190—, 


CoUedor District 


M-vnufacturer to (jIVe Notice of Df.naturkr from Whom Alcohol is Secured. 

Sk(\ 91. Manufaelun'rs who liave given bond and received the jiermit and 
arc thereafter autliorizcd umler the restrictions lierriu prescrilied to use alcoliol 
denatur'd with special denaturants may secure irom any distiller who is a de-" 
naturi*!* <if alcohol the alcohol to be us(‘d in said business. 

The manufaeturer shall give notice to the collector of the district in which 
his e.stablisliment is located in tin* following form in du]>licate if tiie manufac¬ 
turing establishment and the denaturing bonded warehouse at wliich the alcohol 
is denatured are in the same collection district, and iii triplicate if they are in differ¬ 
ent districts. 


Collector, Diatricl of -: 

You arc hereby notified that I have arranged with-, proprietor 

of distilliTj' No,-, located at-, in tlie district of-to supply ■ ■ 

-from denaturing bonded warebouse No. —located at-, in the 

— district of -, M’ith alcohol denatured in accordance ivith tlie tenne 

of-application approved on the-day of-, 190—, in the following 

manner, to wit; — Said alcohol to lie used in the manufacture of — 
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in —estahlislimcnt located at-, in the district of —. The alcohol 

is to be transported to-prtmiises by-and-. 

(SigtUMl) --. 

Upon receipt of tliis notice the collector sliall retain one copy in his office. 
The other coj)y he slmll forward to tiie Connnission(‘r ot internal Revenue, and, 
if the inanulucturing ostablislmient and tlie warehouse* at whieh the aleoliol is 
to Ik* denatured are in different districts, the third copy shall \w forwarded to 
the collector ol the district in which the denaturing bonded warehouse is located. 


Notice to Officeu at Denaturing Bonded Warehouse. 

Sec. 92. Tlio collector of tin* district in wlindi the denaturing bond(*d ware¬ 
house is located shall lorward to the officer in charge ol said warehouse a notice 
in the following form: 

You are hereby notified that-, manufacturer of-, located 

at-, in the district of-, ha— been duly authorized to use in the manu¬ 
facture ol said- at said estalilishment aleohol sp(‘cially denat.iired in the 

following manner,-and the said- l»a - given ntUice that-he 

- ha-arranged with--, proprietor of distillery No. -, to 

Kup|)ly aleohol so d<‘naturt*d iroin denaturing boiuled warehouse No. -, in 

the — — District of-. 

You arc h(*rcby authorized to permit said distiller to withdraw from bond, 
free of tax, aleoliol to be denatured in the manner indicated, tlie cpiantity to be 
w'lthdrawn during the current fiscal year not to exceed --gallons, 

Collictor, Diatricl —. 


Regulations Prescribed in Case op Completely Denatured Alcohol to 
. Apply. 

Sec. 93. The regulations prescribing the manner in wliieh aleoliol is to be with¬ 
drawn from warehoust\ translerred to denaturing bonded warehouse and dumped, 
the manner in wdiicli the deiialurants are to he brought upon the premis(.*s, stored 
and testeil, in tlie case of eompletely denatured aleoliol, apply in case ot specially 
d(“natured alcoiiol; likewise the regidations prescribing (he manner in which com¬ 
pletely <lenai.ur(*il alcohol is to bo <lrawn olT, aft<*r being denatured, gauged, marked, 
etc., apply m casi* of specially d«*natur('d alcohol. In the case of specially dc- 
natur<*<l alcohol tin* following marks, in addition to those prescribed for com¬ 
pletely denatun'd aleohol, must lie put upno the stamp-head. 

Denatured for-, proprii'tor of storeroom tor specially denatured alcohol, 

No.-in the district ol-. 


Special and Complete Denaturants Not to be Mixed. 

Sec. 9a. In no ease is eompletely denatured aleohol to be mix(‘d with specially 
denatun‘d aleolud and special d(*naturant.s are to bv kept compl(*tely separate 
from denaturants used in eoiuph‘to di'naturat ion. The oflieer in cliargc of the 
W'arehousc* must be careful to s(*e that denaturing material tanks arc empty before 
any special or <‘ornplete d(‘naturing agents are dumped. Likewise* he must be 
careful to sec tliat t he mixing tanks are empty before any dumps, either for sjKeial 
or complete denaturation, are made. 


Specially Denatured Alcohol to be at Once Put in Transit. 

Sec. 9r>. As soon as speeially denatured alcohol is gauged and the packages 
are properly marked and stamped, it must be removed from tlie denaturing bonded 
warehouse and put in transit to the manutaotun'r for wliom it was denatured, 
and under no circumstances must any otticr di.sposition be made of any part of it. 
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Rkpoutr at Warehouse, etc. 

Sec. 90. Reports, records, etc., relating to the alcoliol after it has been denatured, 
and to be inad(‘ and kept l)y tlie otticer and the distiller, must,nithe case ol specially 
denafuraled alcohol, contain columns and spaces lor showing and must sliow 
the name and address and number ol the manulacturer to wlioin the alcoliol was 
sold, and the lollowing additional n'ports must be made by the olliccr and the 
distilh’r: 

i'olkrtoT - District 0} -. 

You are hen'by notified Ihiii I have tins day delivered to-, pro¬ 
prietor ol distilli'ry No.-, district ol-, the lollowing packages ot specially 

denatured alcohol: 


Nuinl>cr of I*ackag#‘s 

S<*rial Number, 
PackageH. 

Serial Number, 
Stamps. 

tv me (Sallons 

1 

Prtn>f (lallons. 


1 

1 

1 





Said alcohol was denatured at-d<*natiiring bonded wareluuif^e No.-, 

located at-, in the-district of-, and it was disposed ol to- 

-^ j>ropri(‘tor ol mamdacturer’s ston^rooni No. --, located at-, in 

the district of-, in accordance with specifications as stjitcd in the notice 

ol-j lyo—, and it has this day been lorwarded to-, at 

-, by-, there to be delivered to said manulacturer. 

ViiUcii States Officer. 

Tins report, shall lie made in tritdicale, one copy to be sent, to the eolU^ctor of 
the (list rict in wliich the denaturing bonded wareliousc* is loeati'd, one to tlie eollector 
ol the district in wliich the manulacturing establishment is locati^d, and one to tlie 
Commis.sioner of Internal Revenue. 

Notice of Shipment of SpEriALi.v Denatured Aicohol. 

Sec. 97. The distiller shall pix'parc and forward a report in the following form: 

Collector: 

You are hereby notirio<l that I have this day received from-dena¬ 
turing bonded warehouse No.-, located at-, in the-dist rict of-, 

the packages of specially denatured alcohol descrilx'd lielow and have lorwarded 

them to-, inanuiacturcT of-, and proprietor of manufacturer's 

storeroom for specially denatured alcohol No.-, locatca at-, in the district 

of-. 


Number of ParkaRea 

Serial Number, 
PaekuRes. 

Serial Numlrei, 
Stamps. 

Wine (lalluDS. 

Proof Callona. 

i 






Proprietor of Distillery No. -. 

Alcohol to be Promptly Forw'ardrd and Notice of Receipt Given. 

Sec. 98. It shall lie the duty of the officer in charge and tlie distiller to sec that 
the denatured aU'olioI is promptly delivered from the denaturing bonded warehouse 
to the (iommon carrier. 
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The manufacturer must immediately upon tlic receipt of the alcohol si ore it in 
liis designat<‘d storeroom for denatured al('<diol, and must at once prepare report 
in tlie following form: 


NOTICE or i{ECBII*T OF y\I.COHOL. 

Offk'i: of 


CiUlector - Diatrict -• 

You are herel)y notihed that J huv(‘tliisduy received from-, carrier, 

the packages of aenalured alcohol honnnafter described, received at-on the 

_day ot -, 190—, by--, from-, proprietor of 

distillery No.-, in the-district of-, and denatured at-in 

denaHinng boiuled wan house No.-, in th(-district of-in accord¬ 
ance with the formula authorized on tlic-dayof-, UK)—. Said alcoliol 

has been ston'd in designated slomroom for specially denatiired alcohol on- 

premises and will not, 1 h‘ remoN i'd from t hen' cxc(‘pt as it is needi'il for us(‘ in the manu¬ 
facture of-Said storeroom is in the custody and control of-. 

llospoct fully, 

- -y Mamijaciunr. 

This report shall In* made in duplicate, one copy to be forwarded to the collector 
of the district in which tin* alcohol was denatun'd and tlie other to the collector of 
the district, in which the manufacturing ]dant is located. 

MAWFACTUREu’ii Alcohol RKroiiD. 

Skc. 99. The iiuinutact uivr must keep a re<’ord in which he shall enter on the 
“Hec('ived” side the date upon which he receives any denatim*d alcohol on his 
premises, the number of |>ackages received and the name and address of the dis¬ 
tiller,’! lie dist rict in which denatured, the name of the ollieer who gauged the alcohol, 
tile sc'rial numbers of Ibo packages, tlu* serial numbers of tlie denatured alcohol 
stamps, the number of wine gallons, and the number of proof gallons. 

Tliese enl ries must l>e nuule at tlie time tlic denatured alcoliol is received in the 
.stori'i-ooin and beloro any of it is withdrawn from the packages or is used in nianu- 

Oi/the "Disposed-of” side of the rt'cord must be entered the denatured alcohol 
iiscil in manufa<'ture. 'I’lic entries must show thc' date upon which any paekagc« 
ol denatun'd alcohol arc broken for use in marmfaeture, the nunil)er of packages, 
tin' name ami address of the distiller who denatured the alcohol, the name of tlie 
oiliec'r wlio alhxed tlie denatured alcohol stamp, the serial umnbersof the packages, 
tlie serial numbers of the denatured alcohol stamps, the wine gallons, and the proof- 
gallons eont.ents of the packages. 

'I'his re<'ord must lia\’e spaces and columns in which can bo entered the number 
of pai'kages and the quantity in wine and proof gallons of unbroken packages brought 
over ill stock from previous montli, of liroken pac'kages brought over from previous 
month, toia'i of such packages brought over, of package's received during (lie month, 
of packages used during tlie month, of unbroke'n packages on hand at the end of 
(he inoni h, of liroken packages on hand at the close of the inontli, and the total on 
hand at (he end of the month. 

TuANSCniPT TO BE MaDE OF llKC’Oni). 

Sf.c. 100. A transcript of this record must be propan'd. sworn to. and forwarded 
to tlie collector of internal revenue of the district for eacii month betore the tenth 
day of the lollowing month. 

The aHidavit aliove ix'h'rrcd to must lie in the following form: 

State of-, 

(’OTTNTY OP-. . 1 j . 

On this day personally appeared before^ me-. duly designated custo¬ 
dian of the storeroom for specially denatured alcohol No.-of the district 
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of-, of denatured alcohol received and to Ixj used at the manufacturing estab¬ 
lishment of-, manufacturer of-, at,-, in the county of-, 

JSlate of-, and on oath states that, the al)Ove is a true and correct statement, on 

llie debit sid(‘ o) tlie s|)ecially denatured alcohol re<‘eived in said storeroom, and on 
the credit side, ol liie specially denatured alcoijol cliarged olT for nsi* in mauulaetur- 

ing-at said manulacturingestablishnieiil .and that all of tlie alcoliol delivered 

from sai<i storeroom was <leliv<‘red in exaellythe same condition as when received at 

said storeroom and was deliven'd h)r use in manulaeturing-and was so u«*d. 

-—, - . 

Subscribed and sworn to InTore me tins- day of-lt)()—. 

This allklavit must be made by tlie jierson who has the custody of tlie store¬ 
room, w’hctlier it l»c the manufaettirer himself or one of his employees. 


MANUFArrniiEn’s Rkooiu) of Ai^coiiol Vskd and Ahticuks rnoimcEi). 

Sicr. 101. The mannfaeturer must also keer> a book in wliicli shall lie entered 
the (piantity of goods produced and liinslied eacli montli and in which sfiecially 
<lenatun‘d alcohol was used, and at tiie close' of business eacli month ami before 
the 10th of the lollowing mouth tlie manufacturer must make and forward to 
the collector (d internal re'vcuue a trunscriiit of this record and must allix an affi¬ 
davit 111 tiic lollowing form: 

{State oi-, 

County of-. 

On tin’s day ]>crsonally appeared liefore me-, wlio on oath states 

that the above is a true, corri'Ct, and complete statement of tlie goods manufae- 
tured during the montli last past and in tlu' maimtaeture of which dcnatuied 

alcolml was used at tlie ])laee of Imsiness of- loeati'd at-, in the county 

Qf-^ Slate of --. 


Subscribed and sworn to iM'fon* mc' this-day of-, IIK)— . 


This affidavit must be maile by the manufacturer himself, tlie manager of the 
busiiH'ss, superintendent, l>ookk(‘epcr, or otlier person who has knowledge ol the 
fact s. 

Care should he taken to sec that botli of tlie above-))rescril)cd records and 
th(' reports made tlu'ivfrom are in every respi'ct tnu' and correct. Failure to 
keep tliese j-ecords correctly and to make correct reports from them promptly 
as pri'serilied by thew reguhitions is a breach of th(‘ bond reipiin'd of the maim 
facturer and be incurs the liaiulities growing out of such breacli. 

Tlie affidavits may lie made iK'fon* any revenue officer authoriz<*d under the 
law to ailministcr oatlis. Such officer is not jx'rmitted to make any charge for 
Kuch service. In the event it is not practicable to liave these returns sworn to 
iw'fore a ri'venue officer tliey may be sworn to U'forc any officer autliorized by 
State or Federal law' to administer out.lis. 


Custodian of STonEi{Oo.M to be Dehignatid. 

Seu. 102. The manufacturer must either he lh(‘ custodian in person of the 
PtonToom for st>eeially denatured alcohol or he must designate' some' one of his 
em])Ioyers to be the custodian. Tlie manufacturer must notify tlie collee'tor 
of the'distriet of tlie person who has been ek'signated as the custodian of the store¬ 
room, and if for any reason a change is made the collector must lie jiromptly notified. 

No one must be permitted to go into the storeroom in the absence of tlie cus¬ 
todian. Tlie door of the' storeroom must 1 m* provided with suitable lock for 
securely fastening it, and tlie custodian must carry the key to the lock. It will 
be his duty, together with the mannfaeturer (provided he is an employee and 
not the manufactnrert, to see that none of the denatured alcohol brought upon 
the premises is diverted from the use for which it was denatured. He must keep 



APPENDIX. 


407 


the denatured-alcohol storeroom record herein provided for and must prepare, 
sign, and swear to the returns. 

If tlie manufacturer is a corporation tlu' custodian of the storeroom for spe¬ 
cially denatured alcoiiol and the pt^rson who is to h'vp the r(‘cord of denatured 
alcoliol used and articl(‘s inanvilactur(‘d and make* tlie returns henun prescribed 
must 1)0 naiiKMl by the botird of din'ctors or ot-lier governing power and a certified 
copy of tin* minutes of tlu* me(*ting at w'hi(*li siiid persons were so designated must 
be forwarded to the collector oi tlie distric,t. 

Mana<jeh to Make Affidavit. 

Sec. 103. 'rhe mamifact.un‘r or the manager of lh<* business, provided the 
manufact\ir(*r is a corporation, must, in the event sonx* oik* other than himself 
keeps one or both oi the records un<l makes one or both of the returns lier<‘in pre¬ 
scribed. make the following allidavit to such of the returns as he do<*s not jier- 
sonally prepare and swear to. 

State of - — , 

('ofNTY -—. 

I _ — — , staleon oath that I am-ofthe business of-- 

ami that from my knowletlge of said Imsiness gained as such — , 1 verily be- 

lie\e the above stated aecouuls are correct and that the above atliduvil of -*-- 

-is in every particular true. 


Subscribed and swoni to belore me this-day of- , ItK) 


COLLECTOIt TO IvEEP llECfllU) OF MANtU’Am’UKR's Ol’ER XTIONS. 

Sec. 1(11. The collectors ofijnfernal revenm* of the .s(‘veral districts shall keep 
in a rccoril specially prcpanxl for tlu* purfiose an account ot each manutaciurer 
in the distrh’t using specially deiiatuivd aleoliol. 

Said record shall be made up from tlie reports of ollicor .sliowing the sliipm(‘nt 
of denatured alcoliol to the maimlactun*r, and the reports of the manul.acturer 
on t he prop(‘r iorms. 

Sai(l riM'ord must show tin* date* upon whi«*h any alcohol was shipped from l,he 
dc'iiaturiug bonded warehouse, the dati* it. was received by the manufacturer, tlie 
name of tlx* distiller, the location and number of the dmiaturing bonded ware- 
housi* at which it was iletiatured, the miml)(‘r of paekag<*s in the lot, the si'Hal num¬ 
bers of such fiackages, the M'rial numliers of the denatured alcoliol stamps, the 
wine gallons, and tlx* jiroof gallons. 

Said lecord must also show tlx* number of packages, serial numbers of such 
packages, serial mimbers oi tlx* stamps and (juaiitity of uleoiiol charged ofl tor use 
in the manufacturing business, and the (piantity used in such business. It must 
also kIx>w tlx* fjuantity of the manufactured article in proper denominations pro¬ 
duced each month. 'rix*rc* must also be columns and spaces in which to enter the 
cpiantity of alcohol on hand in unbroken packages at tlu* beginning of tlu* month, 
the (piantity in broken packages, tbe quantity received during tlu* month, the 
quantity us(‘d in the busine.ss during the month, the quantity on hand in brolam 
packages at the (*ioM* of tlx* month, the (piantity on hand in unbroken packages, and 
the total (piantity on band. 


Alcohol to re Used as Received. 

Sec. 105. Specially denatured aeohol must be used in the manufacture of the 
products exactly as siatcnl in the manufai^turer’s application and in the coll(*ctor’s 
permit., and it cannot, be us(‘d in any otlx*r manner, and manulac^tiirers using sucli 
alcohol must complete the work of manufacture of tlx* products specified in their 
notice and bond on the premises upon wiiich they are authorized by their permit to 
use alcohol. 
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MANrrArruHER Quitting Business May Blspose of Alcohol to Other 
Manufacturer. 

Sec. 100. In Jhc event any njaniifaclurer usinp; specially denaliired alcohol for 
any reason qiuis the ))nsiness ol manufueluring the eomniodities autliorized by his 
jK-rinit and then* n*inaiiis on hand in his storeroom a <iuantity of sjjecially dtmat.iircd 
alcohol, h(‘ may <lisj)os(‘ ol such alcohol to another mauulacturer in the sann.* class 
ot iniMoess provided he givtss notice to th(‘ collector oi internal revenue. Wlien 
sucli notice i'' given, a deputy colh*ctor or other olhcer nill visit tlu* inanulaetimT’s 
]>iace <»l business an<l ciieektiie alcohol on hand against tin* mamilact\irer’s record. 
It the (piantity on liand is lound to agree with the inanutuctiircr’s record and the 
uIcoIkjI is in tiie same condit ion as it was when denatured, the otlicer will report to 
the <‘oilector, w ho will issue a permit authorizing tlie t ransler of th(‘ (hmat ured alcohol 
to tin- premises ol the mamdacturer to whom the alcohol lias In-eii dispostnl of. The 
})urcli!is4'r must Ih- a regularly (pialiiied maimlacturer and must be authorized to use 
alcoliol specially denatun-d in the manner and under the iormula under which the 
alcohol transletred was denaturial. 

% 

J’|{0\ISION'S AlU-l.ieAlU.E TO MANtU-A<Tl'UEI{S I'siNO I'ilTIlER SPECIALLY OR 
(lENERAI.Lt DliiNVrrRi:!) A 1 .COHOI.. 

Skc. 107. Vnder no circumstanci-s will denaturers, manufacturers, or dealers, 
or any other persons, in any maiUK-r t reat eitlu-r sp<‘cialty or completely denatunMl 
alcithol by adding anything to it or taking anylliing Irom it until it is leaiiy lor the 
use Icir which it is to be employed. It must go into mamilaclure or <-oiisumplion 
in (‘xactly tlx- same eoiulition that it was when it lelt the denatun-r. Diluting 
completely denat ured alcohol will be lield to be such inauipuiatioii as h forliiddeii by 
law. 

Se<'. lOK. Manufacturers using either sjiecially or compleU-ly denatured alcohol 
must stole it in tin- ston-room set a]iar1 lor tliat’purpose-, the place l(»r denosit 
nam<‘d m the- bond and a]»j)liealion, and muvliere else. IdkewiM- they must deposit 
reeove-n-d ah‘oh(d m said store-room as last a." it is recovet(-d. It will b(^ lie-ld to be 
a l>r(-ach of t lu- bond and a \ iolal ion of the law ii anv aleohol of any kind, character, 
or des(-ri])tion sliuuld be found stored at any other place on the premises. 


(Nillector to be Notifiku of C’H\Nr.E IN Plant. 

Sec. 100. If tliore are any material cliaiigi-s in the manufacturing establishments 
at whicli either sjieciully or eompleti-ly d(-nat ured alcohol (whme permit is n-ijuired) 
is used, (-itlier in the plant or in the methods ol manufactnn-, or il tliere is any cliange 
in the ownership of llie estalilishmeiit, lu-w ap]illcation must at once be fih-d, new 
bond given (if bond is necessary), and new permit granted by tlie colh-ctor. 

Skc. 110. Persons who \tse alcohol denatured in any manner except as is ex¬ 
pressly authorized by the law will be h(-ld to be- liable tor double tin- amount of the 
tax on all tlx- alcohol so used, in addition to the penalties, civil and criminal, ex¬ 
pressly provided by the act of June 7, PJOG. 


Part IV. 

ALCOHOT. BKCOVEUKD, KESTOHl-A), AND REDENATITRED. 

See. Ill. Poet ion 2 of the denatured alcohol huv provide.s: 

'Jliat manufacturers employing procc.sses in which alcohol used free of tax under 
the provisions ol this a<‘t is expresst-d or (-vaporated from tfie art ides manufactured 
shall he permitted to nn-over su(‘li aleohol and to have such alcohol restored to a 
condition suilabh* soh'ly for reuse in manufacturing processes under sudi regulation.-^ 
as tlx- t’ommissioner of Internal Uevenue, with tlie approval of the Secretary ol the 
Treasury, shall prescrilic. 
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Alcohol to he Restored on Prkmisf.h WiinitE Used or in a Restoring Plant. 

Sec. !12. TIic work of recovering alcoliol aii<l restoring it to conditions snita- 
1)1(> for reuse hi inaniilacturiiig processes timst In; <lone on llie premises on which 
said uicoliol was originally used or at a duly autlionzed n^storing plant, and it 
must l>e rcustnl in tlu* same niauufacluring estalilisliment in whicli it was oiigiiially 
used (except as provided in Part V of lliese Regulations). 


STILIi M.W BE t’SED. 

Sec. 113, If in restoring alcohol to a condition suitable for reuse a still is neces¬ 
sary, the manulacturer may set up on bis premis(‘s sucli still and any ollau' ajiparal 
t\is that may In; necessary lor use m eonmn-tion with or mdeiKUident of the .sfil- 
in tlie work of reeovering sucli aieoliol 'lia‘ still must b<‘ ri'gisir'n'd in tlie same 
manner m which the law and regulations ns|uiretliat all .stills s('t up lie regi.st<‘n‘(i. 
It cannot be used for any olinw juupose tlian to recover by redistilling ah’oliol 
Aial has Innui wit hdrawn Irom bond free of tax for denaturing purj)o.ses, denatured, 
and then used liy the mamilact unu-. 

Avim.ication to be Vsej). . 

Sec. hi. \ mamifaet uht d(‘sirmg to recover and nuise such alcohol must 
in Ids application lor permit to um* denatured ah'oliol in Ids business, in addition 
to the statements re<pdred to is* made in said ap]>liealion, stale fully the maimer 
in wldcli he intends to recover alcoliol, the condition as to ))root, imrity, (‘tc., of 
the alcohol wIhui it is n'covi'rctl, the perctmlJigi' (tf alcolKil use<l in said bu.sinc.ss 
wliich he proposes to reco\er, and the estimat(‘d <iuan1ity in prool gallons of alcohol 
he expects to recover during tlie y<w. If it is necessary Ixlore redenaturing 
sal<l uleolud to redistil or otherwise treat it in order to restore it to a condition 
suilabh' as to l>rool ami )mrity lor use* in the particular manul'aeture for which 
it IS inliMided, the ])roc(‘ss must Ih‘ exjdained, and if a still is usisl the ea]>aeity 
of the still must lx* s(‘t out in full ami the otlier apparatus uwd in eouueetion with 
the stdl must Ik* descril)ed. 

Tin* application for permit must, in addition to tlie form Jieretofore jm'serilx'd 
(see Sec. S3), contain the following: 

Said -di'sires to k'covct aleolud used in said bu.''in(‘ss in the follow¬ 

ing manner, • — - —: The eoudition of .said alcohol when riTovered as to purity 

and prool will be-; tlie piwei-nlage of alcohol use<l in said busine.ss whkii 

gjijij — -(‘X|)eets to ns'ovor is —-, and the total ipiantity —he — 

<;.xpect— to reeover during tin* yi'ar beginning wilb .luly 1, IhO- . is-jmiof 

gallons. In the ])roc(‘ss of restoring ah’oliol to a condition suitable' for use, tlie 

following ajipaiatus will be us<*d, — — and tlie said-—-desires to re- 

denature the alcoliol so recovensl or rc'slored. provides! redenaltiration is lU'ceKsary, 
in the* s oreroenu for ilenatun'd alcohol on .said preanise's in the following manner 

'Die bond pre‘se*ribe‘d in tlie* ease of maimfacture'rs using sjwcially denatured 
aleohed (see^ Se‘e. SK) must, in addiiiem te) the jirovisions in the form set out, con¬ 
tain the following aeleliiional ])re)visions: 

And wheu’.'as the; saiel-propose's to recover tilcohol used in said 

manufacture in the following manner-, saiel aleohed wlieu .so recovered to 

l>c in the following eomlit iem as to ])roof, etc.,-, aiiel prope'ses to restore' said 

alcohol to a condition suitable few n-ust' in the following manner-and pro- 

po.scs to rodemattin* said ale'ohol so recovered and H'stoie'd. proviele’el rc'de'nattiration 
is necessary, Ix'fore; retising same in l.lie store'room for demit lin'd alcohol on said 
pn^mises. 

Now the'refore if tlie said--sliall tvmove* all of said alcohol so 

re'covewod and restore'd to a condition suitable for rc'use' te>-— storeroom for 

d(*natureel alcohol on said premises as soon as it is so re'eovored and restore'd, shall 
safely keep said alcoliol in said storeroom until it shall liavc' been rc'denatured, 
provided redenaturation is necessary, shall pay double the tax of one dollar and tea 
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cents on oacli proof gallon of all alooliol rocovored and reused in any manner with¬ 
out having first been redenatured, and shall fully, i>roinptly, and faithfully comply 
Mith all the law and i-egulations relating to the ri'eovering and restoring to a con¬ 
dition lit for ri'use and the redenattiring of alcohol that has been withdrawn from 
bond without the payment of the tax. 


Jio.M) TO tin KXECtTTKO IIV M-tNlTAfTOHKK UsiNO CoMCLETELY De.N'ATURED 
Alii •OilOL. 

Sue. 11"). No manufuclurcr's transportaiion and storai;(* Itoiul rotjuirod 

of a nianuhu'turcr iisinfr in liis liiisino.ss coinplotoly denatured aleohol, in ease 
sueli luanidaet iirer d<‘sires to recover a’)d redenature sneii alcoliol so tlnit it may be 
reused iie must execute a bond eonluiiun' the proviMons ol tlie two abovf pro- 
j^errlK'd panigra})]is. Tlie ]>enal siitu ol said l>ond shall h(‘ double the lax on the 
aleohol it is <*stimale(l the nmnufaeturer will ree()V(‘r and ro<I<*nat ure in thirty days. 
Said bond must bo executed in duplicate and niusi 1 k‘ apju'oved by the collector 
ot (he district in the same manner as maniilai*tnri‘r’s bonds heretofore prescriix'd. 
He must also provid(‘ storeroom for tlu- (lenalur(*d aleohol used by Iiiin and must 
tlesi^nati* some one to act as custodian thereof, and la* must k(H‘p such records 
and make sucli ri'tiirns as are riMpiired in case of manufactun'rs using sitecially 
denatured alcoliol. 

The permit issued to the nianufaeturer l)y tlie collector must contain, in addi¬ 
tion to W'liat is contained in the form lieretofore prescrilK'd, (lie following: 

And th(‘ said-is hereby furt-her authorized and )>ermission is given 

•-to recover and restore to a condition suilabk* for use in said mamifaeturc 

alcohol in tlie followdng manner-. Said aleolml must be stored in 

the (h‘natured-aleohol storeroom on said maniifactun‘r’s premises and must Ire 
r(‘denatured in said storeroom before it is reused, provided redenaturation is 
necessary. 


Alcohol to he Stored in Storeroom as Recoverei). 

Sec. IK). The manufacturer must draw off (he alcohol as it is recovered into 
packages and must imim'diately store it in exactly the sanu^ condition as it is 
■wlien recovered in the storeroom for denatured alcohol, and it shall thereafter 
be in charge of the custodian of said warehouse. Aleohol reeovi'red at such estalv 
lishmimt and placed in the wareliouse for denatured alcohol will not be redis¬ 
tilled or otherwise treated except in tlie presence of the proper officer. 


Still Used for Recovering Alcohol Only, etc. 

Sec. 117. The still employed in redistillalion will not ho used for any purpose 
except to redistil aleohol for redenaturation, and it will not be \iscd except in the 
presene<* of the pn)por officer. Wlien llic still is not being used tlie furnace door or 
cocks controlling the steam coniuH-tions w-ill be securely locked and the collector 
will ki'cp the keys to «iid locks in In's jiossession. 


Application to have Alcohol Restored and Redenatured. 

Sec. IIS. At such int(‘rvals as tlu* nccessltiies of the business may demand, and 
when ilio manufacturer has a sufficient quantity of recovered alcohol on hand to 
justify the sending of an officer to his place of business, he may make ai)pIication 
to the collector of the district for an offie<*r to be detailed to sup(‘rvis<‘ tin' work of 
redistilling or otlierwis<‘ treating the recovered aleohol and the redenaturing of it. 
Such application will in the following form: 

CoUcciar - Dutrict of -: 

Yon are liereby notified that, there is ston*d in the storeroom for denatured alcohol 
on the manufacturing premises of-gallons of alcohol,-proof, which was 
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„ :ih,h-nui fnini l)(>ii(] fire tif fiiv. niid ih mitim-il. anti which »«« nurd in flic proe. 

V , _ icctni ii;! at <alil Itlacc. i,limde 

i" In .u.i i.ia..... -n .u;..,i„-«...n-.-...;.* .«<! 

rt'di li.niliini.'M'ni a). f'/inJ- ^ 

MttitU'nt fii'f'. 

luiin'iHi; TO Di.tau. (imirn to ViaiT M.vsnAi-n’iiKisii I’l.ANr, 

^T'C II'.I. I>ini rcciniK of tlio nniimfiicturcrV notice tlic colimor \m 11 detail an 

oflicei 10 inoiveil lo the iiiumiliietonoi; prenii.ses in oiiealoo . ■ i * 

W.irh ol realonii). to suitnlile eon.lition unil reilenntoriii ., 1 ,. / ; the 

tlie tiotice. 'the iiistnietions ol the pulleetor bhall be in the 

' ~~ ) nijinufm'tur(’r of ■ atkI omTirinfrtt* < 

<lcnatore.l alcohol .No, - i„ i|,i.s district, li’ieated at-iLfnoiiHed 

-lui ~ s(()r(*(i II)-sjororooHi— frtinm/1-^ tJiut 

proof, recovered in pToee,s.s ol niaiiofacturc, and •-desire _ tohavl — 

ho re.s(ored to a condition suittdde lor n.s,. in Ihe luamdaclnr.. of - Zn!!?' 

nalured (il necessary) in llie following manner-at .said sforeroom ^ ^ 

nten,™.pp;"tJtKs:;lZ!:™^ 

aiSld m^ZteroS 

Cnlkctor - Thslricl of - ■ ’ . 

OrriCEii TO Visit MANUFACTUifma Establishment. 

Sec. 120, Upon receipt, of these inst met ions tlje offie^r wsn i x 

to the manufacturing establishment, and will suiiervise the work of “"'S 

redenat tiring the aleohol in accordance with the regulations estormg and 

samples of each denatiirant and forward tlicnn.Vroperly nmrked Md l^l^kd 

..iifeoiS 

-i b..» 

proposed denaturants shall at once be removed 
from the storeroom by the maniifiwtiirer removea 

While the olfieer is at the manufaeturing establishment supervising f he work of 

S"Tr.;’’?irke7r i?^ "" "•«' - >- - A anil 

Restoring, Redenatukinq. and Gatoinq the Alcohol. 

Sec. 122. The process of restoring the alcohol to a condition suitalile for use will 
1» earned on m the presence and under the supervision of the officer If in tho 
rZn'”® aleoliol to a condition suitable for reuse is neeessare to 

remove it from file storeroom, it will tic returned to said storeroom as rapidlvTs i> 

IS restored ami drawn off into siutalile packages. Tlie officer will in fi * 

packages filled with flic restored nlcoliol, leavf. a waffiage eiZlin vol me?S III 

fn eal'l™'* V" 7 '>y weiglit tJie wine and proof gallons 

in each package before any denatnrant lias been added. He will then eaui tha 
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denaiiirants to lx* addod to the package and will gauge, mark, stamp, and brand 
the package of redenatured alcolioi. 

Tlic same kind of packages and stamps j)rescribed liy these regnlalions for 
alcohol d<*natiired at denaturing l)ond<‘d nar<“houscs will f)e used for aleoliol r(‘- 
denutured at stonu-ooms for denatun'd alcolioi. Packages of n^denatured alcohol 
shall be mimk'red serially, beginning with number one, at each storeroom. 


PArKAOKb TO UK MaUKKI), StaMI'KI), ANl> HlMNDKD. 

Skc. 12lh 'I’he otlieer shall put. the iollo\\iug marks, stamps, ele., on the ])aekage 
A\hcn he gaug(‘s it: 

On tiie stamp head ho shall stencil the following: 

The serial niinib<*r of tin* paekag<‘, tliedale oi n-denaturation and gang(‘, the 
wine gallons, proof and proof gallons, the name ol the mamiiactnrer and llu* num¬ 
ber ol the storeroom, the Stale and the distuet, the nann* and title ol llu* oflieer, 
and the numlt(*r ol the denatured alcohol stani]) alh\(*d to the package. The 
wonls '‘Redenatured aleoliol” must lx* phu-ed upon <‘aeh head of the* packiige. 

'riu* stamp must be aflixed and sign(*d by the olheer. The stamps will he 
furnished hy tin* eolleetor as llu'V are needed, and the olheer must take the lK)ok» 
of unu.M'd stam))s with him when lu* has finished the* woik of restoring and re- 
denaturing aleoliol and return them to the eolleetor. 


Offk’Iok to Make Return wd Keep IvKOoRn. 

Sep. 124. Having gauged and niark<‘(l the several | aekages of redenatured 
aleoliol till* odicer will make return oi sucli gauge, wherein lie will show in pio}>or 
columns in detail the capaeity of each imckjigi*, its gros.s weight, tare, net weight, 
indication, temperature, net wine gallons contents, pioof and prool gallons con¬ 
tents bolore the denat uranis wen* ailded. the net witie,])rool and piool gallons ei.n- 
tents after the di*naturants wen* added, ajiparont jiUHif, apparent jiroof gallons 
eontents, the s<‘rial number of the jiackage, and the serial number ol tlie denatured 
alcohol stamp alhxeil to it. 

Sec. I2r>. I Ik? ojli(*(*r shall k<*ei> a record in which he shall (‘titer in prop(*r 
columns and sfiaees in detail on llie deijit side the (piantity ol recovered aleol.ol 
in wine and proof gallons lound in tlu* storeroom wIkti Ik* arrixed at tin* estab- 
IKhmont, the quantity in wine and proof gallons of alcohol ivsiored eacli day, 
the manner in which said aleoliol was restored, llie quantity in wme and (if possible) 
proof gallons of tlu* several (hmaluranls us(‘d (*acli day, the kind of denaturants 
used, ami the numbers of denaturant samples sent to the laboratory. 

On the credit side shall be (Uitered in the proper eolunins. the date upon which 
any alcolioi is redenatured, Uie nunilier of paekag(‘s, the serial numhers of the 
paekjigi's, the serial niinil«*rs of the denatured alcohol stamps on said packages^ 
and tlu* wine and proof gallons. 


Oi-TicEU TO ]\Iake Report of Oi*eu\tions at Storeroom. 

Sec. 12ft. At the end of eaeli mouth, or as soon as tlie work of restoring the 
alcohol to suitable condition and tlu* redenaturing of it is (*oinj)l(‘l(‘d. tlie officer 
must make a transcript in dufdicatc from tliis record and forward it to the col- 
l(*ctor. 


Manufactttrer to Keep Record. 

Sec. 127. The manii fact nrer must k(*ep a record in which lie sliall enter daily 
in ])roper spaces and columns the cpiantity in wine and proof gallons of alcohol 
reeoverc*d by liiin and placed in storeroom, the (luanlity ol denaturants placed 
in said stor(*rooni for redenaturiiig purposes, and the (juantity of alcohol, in wine 
and proof gallons, reston*d to a condition siiilahle for use, and the (piantity of each 
denaturant used. 

lie shall al.so enter in said record daily the (juantity of alcohol redenatured ia 
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Iiis storeroom, the Rt'rial numbers of the packages, the serial num!)ers of tl>c de¬ 
natured ulcoliol stamps, and the wine and pioot gallons oi the redenatured alcohol. 


Manufactuheh to Make 'ruANscuii’T and ID-ji'Oirr. 

Sec. 12S. Ho must prepare a transcript of this record at the end of the month, 
and before tbe 10th day ot the iollowing month he must, swear to same* and forward 
it to the collector of internal revenue. The alfidavits to this report must lx* made 
l)y the custodiari of the storeroom and the manager of the business and must be 
in the following lorm: 

iStatoof-, 

(Jounty of-: 

I,--, state on oath that I am custodian of the storeroom for de¬ 
natured alcohol. Xo.-, at the mamjfacturing t'slablishment (d --, 

manufactunu’s of — — at,-in tla* county of-, State oi-, and 

that the above is a, true, eorreet, and complete .statement ol the aleohol with¬ 
drawn froit» b(uid, fnx' ot 1a\, an<l denatured at denaturing bonded wan-houw^, 
reeovered in said manulacttiring establishment, n'stonxi to eondition suitable 
tor retise at said idaee and redtuiattired in said storeroom for denatured aleohol 
(or that sueh redeuaturalion was not found necessary), and that no aleohol 
which was recovered and restor^'d at- said place was u,s<-d in any luamuT tmtil 
after it had betui redtuuittired, nor was any redenatured alcohol list'd in any manner 
e.xcept in the manufacture of-at said place. 

CusftuJian Storeroom Xo. -. 

-^ slate on oatli that T am -- -. ol tlie abovt'-tleserilx'd 

bnsiiH'Ss, aiul irom my know'hxlge of the business 1 believe tlu' above report of 
luisiness done to l*e true, eorn'Ct, and complete, and tlx* slattunonts contained in 

the al)()ve allidavit ol-, custodian at said storeroom, to be in every 

resyieet true and eorreet. 


The al)<)V(‘ t wo allidavits were subscribed and sworn to before me this-day 

of-, 190—. 


MANUFACTnuEH TO Make Entuy IN Kecout) OP Alcoiiol Received and 
Disi'osed or, etc. 

Sec. 129. The inanufaclunT must also enter on his record of denatured aleohol 
received and disposed ol the paektiges ol aleohol redmiatun'd at said storeroom. 
On the ‘‘ Ri'ceived” side of said record must lx* shown the date upon wliich the alcohol 
■was received from rcdeiiaturation. Th(‘ alcohol must be treated in tlie .same nuin- 
JUT on said record as it w:is when reccivcxl originally. 

In the sumnuiry on said record the <pianl ity of alcohol received from rt'dt'iuitura- 
tion and ivuscd must Ix' sliowii in il,i‘ms st'parate from the deiiaturt'd acohol coming 
into the stock originally from dealers and denatiircrs. 


CoELECTOn TO KeEI* ACCOUNT "ttMTII MANUFACTURER OF AlCOHOL RESTORED. 

Sec. IHO. 'I’ht* colk'ctor must keep an account with each manufacturer who 
recovers, restores, and redenatures aleohol. 'i'his record must be madt* from the 
reports of the olieinisl, otiieer in <‘harge of th(‘ storeroom, and manufacturer. It, 
must show the ([uaiitity of aleohol recovered anti deposited in storeroom eaeli day, 
the tpumlity rt'stored to a condition suitable for reuse, the (quantity anti kintl of 
denaturants ust'd in tlenaturing said aleohol, the name of the officer sujiervisiiig the 
rest oring of anti redt'nat uring of said aletihol, the number of packages and t he st'rial 
nund>er of same, and the tyiiuntity in wine and prtuif gallons of alcohol redeiiatured, 
gauged, and delivered to the manufacturer for reuse. 
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Au’OHOL not to be REDENATimiOT) UNLESS NeCESSABY. 

Sep. 131. Mstnufacl imTs Avho rccovor alcohol will not ho ro(}uirod to have said 
alcohol rodrnaturod il it retains a suthci(‘nt (juantity oi the original denat urants to 
prev(Mil its use as a beverage. If necesstiry, this may l)e det(*rmined by llie clienncal 
cxamiual ion of samjdes 1 aken for t his purpose and lorwarded to t he nearest laltora- 
tory. In tlu' ('vent it is not necessary to redenature tlie alcoliol tlie inaniilacturer 
must, (h'posit it in bis storenujin in suitable packages and make apt^lieation to the 
coll(‘Ctor of internal revenue to have it r(‘ga\ipetl and rest-amped. 'I'lie collector will 
detail an oiheer to visit the storc'room and regauge and restamp tbe ah'ohol, Wh<m 
it has been r('gaug(‘d and restamped the Jilcohol will be taken np on t)rop(‘r records 
by tlie oflieer and t,he manufacturer, and will a])pear on the monthly n'ports in tlie 
satm* manner as though it had been redenatured. The oflieer making the regauge 
will make a r<*port in the same manmT as is re(iuired when alcoliol is redenaturi'd 
on the mamifai'turer s premises, cxc(?pt that the mport will not show that the goods 
are redenatua'd. 


Part 

RKSTORINO AND REDENATUHING PLANTS. 

Sec. 132. Centrally located plants may l)e established for the purpose of restor¬ 
ing to a condition suitable for re\is<‘ and for rcdenaturiiig, if necessaiy, alcohol 
recovered l)y manuf}ictim*rs; these plants to located at such places as the Com¬ 
missioner of Internal Revenue may deem necessary. 


Warehouse: How (’onrtructei). 

Sec. 133. A warehouse constructed in the manner in which distillery waR'lmuscs 
are const rueted must be provided. 3'his warehouse to be used for the i)urpose of 
storing recovered denatured alcohol received from manufacturingestablisliments. 
Eillier an a[)art!nent in this warehouse or a separate wandiouse may l>c provided in 
which to redimaturc and store the mstored alcohol. This apartment or separate 
warehouse, as tbe case may be, must be constructed in tbe same maniufr as dena¬ 
turing bond(‘d warehouse's heretofore de8cril>ed. It must be supplied with mixing 
tanks, and a room to b(* us(‘d as a denaturing material room miist 1m* provided. 
'Ibe apartment used as a denaturing bonded warehouse must l)e separated from the 
apartment usc'd as a storj^e room for the rccoven'd alcohol re(;eivcd from manu¬ 
facturers, and there m\ist be no openings or doors l)etween the two apart-nients. 

) The denaturing material room must be constructed in the same manner as 
similar rooms are constructed at denaturing lK)ndcd warehouses, and all of the 
appliances required at denaturing bonded warehouses must be supplied. 

Cistern Room to be Provided. 

Sec. 134. A cistern room eonstnicted in the same manner as are ci.stem rooms 
at registered distillery's must l)e provided. In the jirocess of restoring the recovered 
alcohol by redistillation, it must be received into the cisterns dimet fn>m the worm 
or condenser in the same manner as distilled 8j)irits arc received into the cisterns 
at registered distilleries. 

The cisterns and cistern room must be supplied with the same kind of locks as 
are required for similar rooms at registered distillery's. 

Sec. 135. Wljen the restoring and redenaturing plant is in operation it roust be 
under the supervision and control of a storekecfH'r-gaugcr or other officer designated 
by the collector of internal n*vemie. 

'J’his officer shall carry the key to the w'arehouse or w'arohouso.s used in connec¬ 
tion w itli the plant and the cistern and cistern rooms. When operations at the plant 
are suspended for the day he shall lock the steam valves controlling the supply of 
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steam to the several parts of the plant, and sueli other appliances as will prevent 
tin; plant Irom being operated during his ab.senee. Under no cirenmstanees is he 
to permit any work to go on during his ah.seiice, and he shall e.xcreisc the same kind 
ol Bui'vcillance over the jilant as is exercised at registered distilleries. 

APP1.IC.VT10N TO llE MaDK TO COLLKOTOR. 

Sbc. iso. Any person desiring to estalilish a plant at which denatured alcohol 
recovered at a iiiaiiutactiiritig estatilishilient m.ay he restored atid redenatured shall 
make application to the collector ot internal revenue in the district in which such 
jilaiit IS to be located. 

In this apiihcation he shall .slate the exact location of said plant. He shall 
descrilie all ol the buildings located on the premises. In this description he shall 
give the si7.<' of ctieh building, the materials ol which it is coiLstTucted, and their 
locat ion wit h relcreiici. I o each ol her. I Ic shall describe all of the apparatus intended 
to be used in the work of re.storing alcohol. 

If one or more stills arc used he shall describe each still accurately, giving the 
eapaeit.y of each, together with all of the coiineclioiis and other apparatus used 
therewith. He siiall describe I he ci.sterns, cistern rooms, warehouses, or I anks con- 
Btitiiting ajiart of the plant, giving the capacity ol each cistern ot lank in gallons. 

'I'lie application may be in the tollowing torm; 

To Collirinr o/ lolnnal lievemie, 

■ - JhKtrirt of -—. 

Site Notice is hcn'liy given I hat 1 have erected tor the purpose of restoring dena- 

1 11 red aicohol and redenilt tiring it a jilatit located at-, State of-, described 

as follows.-- 

Iflcre g.ven .U'scnplion of the plant, together with the rtslern. cistern room, still or stills, ware- 

. house, etc , as required ataive.] 

and von are hereby requested to cause such proposed restoring and redcnattiring 
plant to be inspected with a view of determining whether or not it is cotistriicted in 
compliance with the law and n'guiations. 

Projiriclor. 

A diagram upon which is shown the entire plant with all the buildings located 
on the premises must, lie submitted with t his application. 

Upon receipt ol the application the collector will, either himself, or by one of his 
deputies, visit and inspect the premises. He will determine whether or not the 
plant is cori,strueted in accordance with the n.giilations, and whether or not the 
statements made in the application and the representations made on the diagram 

are t rue. , , , , . . , . 

If he finds that the statemenl.s arc correct and that the plant, is con.structed m 
accordance with the regulations, he will so indorse upon the application, and the 
collector will forward same to the Commissioner of Internal Uevemie. 

if the Commissioner is of the opinion that the establishment of the plant is neces¬ 
sary, and that it is constructed in accordance with the law and regttlations, lie will 
approve it and will so advise the collector. 

Bond for Restoring and Redenaturing Plant. 

Sec. 137. Upon receipt of notice from tlic Commissioner of Internal Revenue 
that the re.sloring and redenaturing plant has Iwen approved, the collector shall 
notify the iiroprietor of the plant of such approval, and thereafter he may receive 
upon his premises, restore, and redenature alcohol, provided he shall first make a 
bond in the following form. 

Know all men by these presents. That-, of-, as principal, 

j^nd___of --, as sureties, are held and firmly bound unto the United 

States of America, in the sum of-dollars, lor the payment whereof to the 
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United States we l>ind ourselves, our heirs, executors, and administrators, jointly 
and scveially, tirmly hy these ))resents. 

'I’lie coiiditum ol this obligation is such tliat wliereas the above bounden principal 

basest altlished a plant lor resioiing and redenal uring alcohol, located at-, and 

wliereas said plant lias been apjiroved by tin- (’omniissioner ol liilernal Revenue 
and the said jirincijial has Immui authoiized to receive upon his ])remises and store m 
liis warelumsi' alcohol a\ ithdnuvn irotn bond, tree ol lax, diuiutiired, used at inaim- 
lael uruig i-slablisinnent s an<l recovered in t he pro<‘(*ss ot inanulactiire. and has hi'en 
uutliori/(“(l to ri'store such alcohol so received to a eoiidilion siiilabli' lor reusi* in 
niamilai'tunng pruec'sses, and has becui ant hori/<‘d to reilcMuiture such alcohol at his 

K'denat uring warehouse located at said tilaiil, Now, it the said —--shall, 

in the opeiation ot his n‘st<.»ring and naleiuitiiiing plant, bring into lh.«“ warehouse 
specially s('t asidi' for that purpose, all ol the recovered alcohol consigned to him 
hy inannfiniur(‘rs wlierevi'r loealial, shall sately store in said warelionse all (»l said 
aicuhol so reeeivi'd, shall restore all of said alcohol to a condition suitable lor reus© 
ill inaiiukM’t uniig ]>r(»cesses and redenalun' it in his redeiiat niing apartment or ware- 
hons«‘, in tlie manner prescribed by regulations; and if h(‘ shall pay the tax ol one 
doll'll ami ten cents per prool gallon upon all tin* alcohol that may he consigned to 
him by any manufacturer and not properly ston'd in said warelionse, or stoied in 
said wan'housi* and not duly restored, or duly stiweil and lestoreil and not duly 
reileiiatun’d l>y liim, and if in' sliall in all res])ects comply witii all ol the leipiire- 
iiK'Hls anil provisions ol the law ainl regulations in relation to storing, restoring, 
redenaturing, and disposing of said alcohol, then thisobligalion is to he null and 
\oi(l, ollii rwise to remain in lull lorce and efii'cl. 

It is the intent and juirpose ol tiiis obligation that it sliall ojierale as a transporta¬ 
tion, warehousing, restoring, and redi'iiafuring bond, and t liat liability uiuh'r it shall 
attach the moment, any recovered alcoliol is put in transit by a manufacturer to the 
principal hi'ti'in; while it is in transit tohim; after it has bei'ii deposit ihI in t h<‘ware¬ 
house located on liis lestoring and redenal uring plant; while it is in proci'ss ot being 
restored; alti'r it has been deposiled in his redenatnriiig ajiartment or wari'honse; 
while it is in process of redi iiatnration, siller it lias bec'ii redi'iiatured, and while it is 
in transit to any muiiulactun'r to whom it may be consigned. 

--— . [sK.\L.l 

—-. [SE\L.] 

--. [SKAL.] 

Signed and scaled in tlie pre.seiice of— 


PiixvL Sum of Bond. 

Slip. U5S. The bond reipiired of the proprietor of a restoring and redenatiirmg 
plant shall be in the penal sum ol not less than the tax on the alcohol it. is estimated 
will he restored and redeTialu'’ed tlu'ieat in thirty ilays. and in no event shall it be 
less iliaii live tliousaiid dollars or more than one Imndrcd llionsand dollars. The 
sureties may lie either jier.sonal sureties or a corporate surety duly authorized to 
make bonds' under the existing laws. 


Qr.VNTITY OF Au'OIIOL to nr, UrTUUNKn to MANt'FVCTtlKEll. 

Sfp. I3fl. Alcohol restored and redenaturod at a plant established lor that piir- 
pos(‘ may Im* restored to a condition suitable lor reuse in mamilaet.uriug ju-ocesscs 
only. Ah'oliol recovered by any inamifacturer using either specially or <‘ompletely 
derlatured alcohol may be restored and redenaturod in accordance with t.ho rt'gula- 
tions herein prt‘scrilM‘d, hut in eacli case the manufact urer si'iuling alcohol to .such 
plant to 1 m‘ restored and redeiiatured must receivt* hack from such plant a ipiantity 
ol alcohol equal to that sent to the plant to he restored and redenatured, less any 
ri'diiclioTi in quantity attending the nee(*ssary process of rest oral ion. In no event 
shall a manufacturer recinve any great<‘r (piantity of alcohol from a restoring and 
redenaturing plant than is wmt to such plant by liini, allowance being made, of 
course, for the denaturanls added; and in no (‘vent sliall alcohol redenaturod at 
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a Tosloring and rodonatiiring plant be d(‘liv(*r(‘d or disposed of for reuse to anyone 
exee)>t a inanufaeturer who liad delivered reeovered alcohol to such i)lant. 

No Othku Bl'sinkss to uk (‘auiukd on. 

Sec. 140. No business can be carritnl on on tlie ])rendses of a restoring and 
redenaturing plant (‘xeept sucli business as is incident to tlie work of rec(‘iving, 
depositing, restoring, and redenaturing alcoliol receiv(“d there, and no tax-jiaid 
aleoliol can bi* receivi'd on tli(“se preinisi's. 

Sec. 141. Tlie premises of all restoring and nMhmat.uring plants shall at all 
times he open to tiie inspeetioii of duly autliorized internal-revenue offieers, and 
they .sliall have llie right to ohsiTve tin* proeess ami methods employed, and take 
such sam})les ol the product ot the ]daiit as in tlieir judgment may be necessary. 


Plant to ue SErvnKo (fx StTsPENsioN. 

Sec. 142. Wlien thi* jilanl is suspemh'd tlie otiiccr in charge must si'curely lock 
all \alv(‘s and cocks controlling the supply of steam, ami tlie I'urnaei* doors; like¬ 
wise lie must securely lock th<* cisti'rn rooms and warehouses connected with the 
plant ami di'liver the kiys to the eollcelor of tln' (list net; and \vh<*n tlie plant sus- 
jK'iids operations it must be placed in sucli i-ondition by the otHcer that it can not 
l)c op(‘rated iluriiig his absence, or until notice lias lieeu given to the collector by 
tlie proprietor of Ids intiuitum to resume work. 

When the proprietor of the restoring and redenaturing jilant desires to suspend 
operations, he shall give the collector of internal revenue notice of such intention; 
and •when he desires to resume operations he shall likewise cive notice, and the 
collector will thereupon assign an ollieiT to the est ablisliinent who shall have custody 
and control ol it during the period of oi>erations. 

• PllOPKIKTOU OF UksTOHINO PlANT TO OWN ReAL EsTATE. 

Sjt. 14n. In his application lor permit to operate a restoring and redenaturing 
plant tlie proprietor must stale tlie name of the person or lu'rsons holding the fee- 
simple title to tlie real estate ntum which the ])lant is located. In the event the 
title is not in the pro]»rietor of tlie plant, he must secure tlie consent of the owners 
of such lee-simple title in the same manner as is reipiired in the case of registered 
distilleries. 

MANn-ACTUuKR TO Keep RECOun AND Seno Notice of Shipment. 

Sec. 111. A maniifaetnrer n.sing denatured alcohol and n'covering it in proeess 
of maimfeeture, ami desiring to have such ale(*hol restored to a condition siiitalde 
for reus(‘ in mamifaeture at 9 re.sloring and redenaturing plant, must depo.sit such 
alcolio! as it is recovered in the designated stori'room on his mamifaetnring premises, 
in tlu' same inaniuT as recpiired of mamifaeturers who restore alcohol on their ow’n 
pnanisi's. 

lie must keep a record, in wliicli he shall enter the quantity of alcohol in wine 
and proof galloii.s recovered each <hiy and .‘^lon'd in his storeroom. At sucli times 
as he may (h'sire, lu‘ may ship sueli nH'overed aleoliol to a n'storing and redmiaturing 
plant . !>ul Indore it leavi's his storeroom he must, put it. into suitable packages, and 
upon the head of each pa<-kage lie must plae<‘ tlie following marks: 

Denatured alcohol recovered at the mamifaetnring e.stablisliinent of - 

-, storeroom No.-, locati'd at-, in the district of- , < 

wine gallons,-proof gallons, serial No.-. ^ ^ 

He must number tliese packages sm-ially, beginning with No. 1. 

I'pon the er(‘dit side of his record he sliall enter the date upon w'hicb he sends 
any recovered alcohol to the restoring and redimatnring plant, the name of the 
proprietor of the plant to wliieli it is sent, the mimlier of packages, the serial num¬ 
bers of the packages, and the wine and proof gallons. 
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Notice to be Sent to Cou-ector. 

Sec. lir). Upon tlio date upon which lie places in transit any recovered alcohol 
ho must |irei>arc a not ice, in which he shall stale the nuinher ol packaRes, the serial 
nninhcrs of the [lackages, t.hc wine and proof gallons, and the name of the re.stormg 
and redenaltiring iiliint to which the recovered alcohol is sent. 

This notice must he in triplicate, ])rovidcd the re.sloring and redenatttring plant 
i.s located in one district and the mamtfacltiring eBtalilishtticnt is located in another. 
If they are liotli in the saine collection district, then it may lie preiiared in diiplicale. 
One copy oft lie not ice is to he sent tot lie collector of the district in which the inanit- 
facturing [tlant i.s located, another coiiy to the collector of the district, in whicli 
the restoring and redenaliiring plant is locatetl (provided it is in another district), 
ami the rcmaiiiiiig ctipy to the olliccr in charge of the restoring and redenaturing 
plant. 

As soon .as the recovered alcohol reaches the restoring and redcnattiriiig plant 
the jiroprielor of the cstahlishnient must deposit it in the Witrehoti.se located on 
tile premises, and it must remain in this warehouse until it is ready to be redistilled 
and mstoR'd. 


RF.ront) TO be Kept by Proprietoh or Restorino IT.-int. 

Sep. 140. The proprietor of the re.sloring and redenatitring plant mn.sl, keep a 
record in which lie shall enter the date iiiioii which hi- receives any recovered alcohol. 
In this record lie iiimst give the name and address of the maiiiitactiircr from whom 
the alcohol was Rccivcd, the nuinher of pm-kages, the serial numhers of the pack¬ 
ages, the wine and iiroof gallons. 

Upon the credit side he shall enter the d.atp upon which he sends any redena¬ 
tured alcohol to the manufacturer, l.he name of the manufacturer, the nuiiilsT of 
packages, the serial numhers ol th<‘ iiackagcs, the name of the ofheer iiispccling' the 
packages, the .serial numbers of the stamps, and the wine and prool gallons. 

At the end of the inoiith and hclore the lOth day of the ensuing month he 
nui.sl prepare and fonvard to the collector of internal revenue a Iranscriiit ol thi» 
R'cord. Said transcript wiill constitute his return for the month and must be duly 
sworn to. 


Officer to Keep Records and Make Returns. 

Sec. 147. The officer in charge of the restoring and rmlenaltiring pl.ant must 
keep a record in which he shall enter the date iiiion which any recovered alcohol is 
deposited in the warehouse, the name and address of the jier.sons from whom re¬ 
ceived, the niimtier of packages, the serial numbers of the jiackages, and the wine 
and proof gallons. 

Upon the credit side of I his record he shall enter t he date upon which he delivers 
any alcohol to the proprietor of the iilant for restoring puriio-es, the name and 
address of the persons from whom the alcohol was received, the number of packages, 
the serial numbers of the packages, and the wine and proof gallons. 

From this record he shall make a report, each day to the collector, in which 
he shall show the number ol packages of recovered alcohol entered into the ware¬ 
house on that date, the name and address of the persons from whom it was received, 
the serial numbers ol the packages, and the wine and proof gallons. 

This report shall also .show the quantity of mcoveR'd alcohol delivered from 
the warehouse to the proprietor of the plant, for restoring purposes; the name and 
address of the persons from whom received, the serial numbers of the packages, 
and the wine and proof gallons. 

The above record and report shall be designated as a warehouse record and 
report. The report shall be made at the close of hmsiness on each day. At the 
end of the month the officer in charge of the plant shall make a monthly report, 
whicli shall be a transcript of this record. 
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Restored Alcohol to be Removed euom Cistern Room to Denaturing 

Room. 

Sec. 14S. As fast as tlio alcohol is restored it shall ho drawn off into packages 
from the cisterns in the cistern room and sliall he gauged and transferred to the 
denaturing warehouse and at once redenat\m‘d. 'Dk^sc* packages shall he numbered 
serially, beginning with No. 1 it)r each restoring plant. 

Rkdknatuuino AVarehouse Record. 

Sec. 149. 'Vhv. officer in eliarge of tlie plant shall k(‘ep a record to he known 
as the denaturing wareliouse n^eord, in wliieli 1 h‘ shall enter each day the mnnlier 
of wine and proof gallons of restor(‘d alcohol n'ceived from tlic cistern room and 
deposited in tlie denaturing warehouse, the number of piwkages, and tlie serial 
numl)ers of the ])aekages. 

Upon the debit side of this record he sliall enter the number of wine and proof 
gallons of aleohol doliver<*d to the proprietor of the plant eueli day lor redenatura- 
tion, the nunilxT of fiackages, and the serial luimlxT of each package. 

From this record lu* shall make daily returns showing th(^ (juantity of aleohol 
n‘stored, gauged, and de))Osit.e(l in the denaturing bonded warehouse and delivered 
totlie pro])rielorof the plant for redenaturation. 

lie sliall likewise k<*ep a rec-ord of tlie denaturants brought upon the premises 
and deposited in the mati'rial room. 'I'his n-eord shall be similar to the record 
kr*pt for the same purpose at denaturing lionded warehouses operated in connection 
with distilleries. 


Ofeicer to Keep Redenaturation Record. 

Sec. 150. Tlie officer shall keep a n’cord of alcohol redenatnred, gauged, marked, 
stamped,branded,anddi4iver<‘d to the proprietorof the re.storing and redenalunng 
plant.* 'fills reeord shall be similar to the record kept in denaturing warehouses 
opcrateil in eoniie<‘t ion with (list illeries. 

'ihe yiackages of aleohol redenaturi'd at a restoring and rodenaturing jilant 
must be numbered serially, beginning with No. 1, and no two package's must b.ave 
the same number. 'I’lie pae'kagi's of alcohol redenatnred at restoring and n'denatur- 
iug plants must be gauged, marked, stamped, and branded in tlie same manner as 
such packf^es are gauged, marke'd, stampeel, and branded at denacuring bonded 
wart‘hous('s operated in connection witli distilleries. 

Upon tlu* bead of the package must be stenciled the name of the proprietor of 
the restoring and rtHlenaturing plant, tlie district and State in which it is located, 
the serial nurUlM'r of tlie pai'kagi*, the serial number of the .stamp, and the wine and 

f iroof gallons, and the words “Uedenatured alcohol” must be jilaced thereon in 
egiblc letters. 


Alcohol Sicnt Out from Redenaturing Plants. 

Sf.c. 151. If the alcohol is redenatured by the use of special denaturants, then 
the same kind of notici's as are given to tlie si'veral collectors in the case of especially 
denatureil alcohol si'nt out from denaturing bonded warebouses operated in com 
ncetion with distillerie.s must, be prepared and forw'arded to the collector. Like¬ 
wise, tlie maniifaetun'r receiving thi* aleohol must give a not.iei' to the collector of 
bis district similar to that required in a case of specially denatured alcohol received 
direct from denaturing bonded warehouse. The manufsicturer must charge himself 
on his record with the alcohol received in the same manner as is required in the case 
of alcohol received direct from denaturing bonded w'archouse. 

Collectors to Keep Records. 

Sec. 152. Collectors in whose dist ricts restoring and redenaturing plants are 
operated shall be provided with records in which shall be kept the account of each 
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plant. In this record shall he cnfered the quantity in wine and proof gallons of 
recovered alcohol daily received and deposited in the warehouse at said j)lant,tlie 
niiinher of packages, llie serial numbers of the packjige, and the names of the manu- 
facturers from whom n^ceived. 

Said record shall also sIjow the quantity of aleoltol in wine and proof gallons 
delivered to the propiietor of the jilani each day to be restored, the names and 
iiddresses of the persons iiom whom received, the number of tlie packages, and the 
serial imnibi'rs of tlie pack;iges. 

Colh'ciors shall also keep records similar to tliow' kept in case of denaturing 
Ixmded \\arelious<‘s, showing tin; quantity of alcoliol dej)osited in saul redeiiatur- 
iug vurehouse, tlie (piantity of deiiaturants deposited in tlie material room, the 
quant ity ol alcoliol and denaturanta dumped each day, and the (piantity of redena- 
tured alcohol withdrawn from dump, gauged, and delivered to the donaturer. 

Persons desiring infonnation as to tiie ojH'ration of ilistillerii's for tlie produc* 
lion of alcohol will le furnished w it li alltlie laws and regulations controlling upon 
application made to collectors of internal revenue or to this Ofliec. The 8(‘voral 
forms heroin prescrilied will be furnislied collectors on requisition; and the Cata¬ 
logue numbers given such fonus will be furnished at an early date. 

Jon?f W. Ykukes, 
Coinimssunur of Inlvnial Revenuo, 

This Seplemlier ‘J!h 1006. 

Approvt'd: 

C. II. Keep, 

Aclimj Secretary of the Treasu-nj. 



KEPORT OF THE BRITISH DEPARTMENTAL CO^IMITTEK ON 
INDUSTRIAL ALCOHOL, PHIOSENTED TO BOTH HOUSES 
OF PARLIAMENT BY COMMAND OF HIS MAJESTY. 

'I’krms op Uefeuence. —'I'o iiKiuirc into tho existing facilities for the use, 
without i)ayment of duty, of spirits in arts and iuunulaet\ires, and in particular 
into llie operation of Section S ol tlie Finance Act, 1002, and to report whether the 
p(iv\ers coiiterred upon the Coininissioners ol Inland Kovenue hy this section per- 
lint ol adequate facilitKJS being giviui lor the use sjurits in nianutaeUires and in 
the produet ion of motive powiu, or wliether iurther facilities are r<'<]uirc‘d; and il 
it should appear to tlie (^anniittia* that llie ])resent facilities are inadeipiate, to 
advise tin* lurtlier measures to he adopted, witliout jirejudicc to the sulety ol the 
r<‘V(*mi(‘ derivt'd Iroin s))irifs, and witli (ine regard to the interests of tiie pioducers 
ol spirits in the I’nitcd Kingdom. 

To 'I’iie Right Honourable J. Austen CHAMnnunAiN, M.P., chancellor of the 
10xciie<|uer. 

Sift, 

i. We liave the honiuir to sul>mi1 to you the following Report of our proceed¬ 
ings and conclusions in coniu'ction witli the iiupury, which, in August last, you 
invited us to undertake into Uic (picstion ol laeililics lor tlie use of Spirit in Arts 
and Maniilaetures. 


Introductohy Remauks. 

2. In interpreting the terms of refiTence, wo have considered that the main 
object.s of our inquiry wen* to asi'erlaiii tlie oxteuit to whicli alcohol is, or might 
be, enijiloyetl in arts and manulactures, or in the production of heat, light, or motive 
power; and to determine the conditions of greatest frei'dorn tliat eould lie accorded 
to its us(‘ for those y)urpos<*s, consistently with udeijuate safety to the revenue 
deriv(‘d from’syiirit as an artich* of human consumption. 

'h We have, tlierelore, coiihnctl onr attention almost exclusively to these points; 
and have not attempted to deal fully witli allied (pie.sfions, such :is possible changes 
in tlie metliodsol producing spirit, or in the materials from ^^hiell it may tie obtained, 
or such as t,ho actual or possilile sources of supply. 'I'hese (luostions, important as 
they arc in tliemselves, seemed tf> us sonu'what remote from the purpose inmu'd- 
iately in view; anti their investigation would have unduly enlarged and prolonged 
our labours. 

•1. We did, however, for special reasons, take some evidence on tlie question 
of the protluct.ion of spirit from potatoes; enough to satisfy us that, in the present 
agricultural condit ions of this country it would not be yiossilile to found a profitalile 
industry on tlu* employment of potatoes as a material for distillation. 

5. In order to obtain evidence, we addressed ourselves to the Association of 
Chambers of ('ommerce of the Cnited Kingdom, and to the Cliamhers of Commerce 
of London, Liverjiool, Manchester and Birmingham; and tlie majority of witnesses 
examined by us were gentlemen selected for us by those bodies, as representativeB 
eompetent to speak on behalf of tlie s('veral industries in which alcohol is, or might 
be, employed. Of the rest, some came at their own request, wldlc others came on 
our direct invitation. In addition to oral evidence, much information was laid 
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before us in the form of memoranda prepared for ns by the Board of Inland Revenue, 
in regard to the regulations in this and other countries governing tlic use of spirit 
for industrial puriK)ses, as to the quantities of spirit so used, and as to the Rules 
and Regulations laid down by tlie Board of Inland Revenue under the Act of 1902. 
'j’lieso ineinoranda are printed as appendices to the evidence. Lastly, as in the 
cvidcuice ot certain of the witnc'sscs wlio canu' Ix^forc us much stress was laid upon 
liie system and r(‘gulations established in (lernmny in connection with the inaus- 
trial us(‘ of ulcoliol, we lelt it was very desirable to procure inlorniatiori at first 
liaud upon that subject.; and we accordingly olitaincd your autliority to 8t*nd a 
<ieputatiou to Clermany for tliat pur})Ose. 'I'he report of tins sub-cominittec is 
annexed in immediate continuation ol this Report. 

Conditions Goyeuning the T'sk of Spiiuts fou Industiuai. I^urposes. 

G. Tlio use ol methylated (denatured) spirit duty fna* was first autliorised in 
1855 by the Act IS& 19, Viet., c. 'I'hc present law on the subject is contained 
in th<‘ Spirits Act, 1S<S0, asamen<h‘d l>y the Customs and Inland Revenue Act, 1890, 
and Section 8 ol the Finance Act, 191)2. 

7. 'J’he practice resiilting from lh(“ law has been as follows: 

Vi> to tlie year 1855, spirit could not be used duty Ircc l»y tlie public under 
any cireumsiances. From 1S55 to ISGJ it c(uikl be used duty fnui for inanu* 
lacturing pur})OS(‘.s only, it methylated according to tlie prescribed jirocess. 

Fiom IHGl to LSu'l spirit c(nild )»e used duty Iree for any ]uir))os(‘ oilier 
than consumption directly or indirect ly as a Uwerage, or inlornally as a medicine, 
provided it was mixed with wood-naphtha to tlie evtent one-nintli of its 
volume. But, if used in large (juantilies, as for manufacturing purjioses, it 
could not U‘ imrchas»‘(l from a retailer of melliylatcd spirit, but only Irom a 
inethylator, and the user was sabj(‘ct to Excise supervision. ^ 

From 1H91 to 11K)2, tlie use ot this kind ot metbylaied spirit (which came to 
be descrilM‘d as “ordinary” methylated sjurit ) was conlined to manufacturing 
purposes, subject to the same comlilions as before; wliile lor geiuTal purposes 
a spirit, consisting of the above spirit with an addition of .^175 jmt cent, ol min¬ 
eral naphlba (petroleum), and known as “mineralised” mctliylatcd spirit, wa.s 
brought into use. It is only in tliis spirit that retailers are permitted to deal. 

Sine(‘ 1902, the two kinds of methylated spirit have continued to be used 
a.s before. But an alternative to their use has l)(‘(‘n oixmed to inanuiaeiurers, 
under wliich sjiirits may lie employ(‘d alter lieirig sut>j(‘cted to some special proc- 
c.ss of dmiaturing, appropriate to tlie particular industry, or imssilily oven in a 
pure slate, sliould circumstances lie held by the Board of Inland Uevenue so to 
reipiirc. 

8. Ailvantagc has lieen taken ol the Act of 1902 liy a certain immlx'r of manu¬ 
facturers. But, in examining the wit nesses who have come beton^ us, wc have 
bc(‘n surprist‘d to find in some quarters a very inadequate acipiaintance with its 
provisions, and much failure to appreciate its significance; and we art' disposed 
to think that tlio ben<*ficial effects of the Act have, on this account, lK*cn loss widely 
diffused than they miglit have been. It may reasonably be exfiecied tliat, as a 
result of this enquiry, enterprising traders will more largely avail themselves of the 
provisions of this Act. 

Hindrances to the Use of Spirit for Industrial Purposes in the United 

Kingdo.w. 

9. The “Ordinary'' Methylated Spirit is open to certain objections as a material 
or inWrunient of manufacture. In a lew eases it is unsuitable by reason either of 
the (Oiemical properties or of the smell of the wood-naphtha it contains. But even 
where i1 s character i> not a serious olijection, it is still always open to thi.s di.«advan- 
tago, tliat it is somew'hat heavily eiilianced in cost as compared w’ith pure spirit- 
For iiot only doe.s the wood-naphtlia. wliieli must be present to the extent of 10 
per cent., cost more than double the price ol tlie equivalent quantity of spirit, hut 
now and again it tends to make the mixture le.sa efficient lor the purpose in view 
than it would be witliout this ingredient. 
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10. It was to meet these objections tliat legislation was \mdertaken in 1902; 
and, Ko far as they arc concerned, we considi'r < liat Si'Ction 8 of the Finance Act of 
that year docs all that is possible in rcsj)ect of the character of spirit. For it has 
entirely removed all difficulty in the way of procuring a spirit suitable in character 
for any industrial purpose. It has also to some extent mitigated tlie objection on 
the score of <-ost. inasmuch as th(‘ speiual pro<'(‘sses of denaturing authorised by 
the Hoanl of Inland ItevemHi ar<‘ commonly less <‘xpensive to the manufacturer 
than is the case with “Ordinary” Methylated Spirit. On the other hand, the cost 
of tliese proc(‘sses is enhancinl by the <‘harges for Excise supervision. 

11. lint the cost of denaturing touches a part only of llie (picstion of the price 
of the spirit used for industrial purposi^s. .4n influence on price, <‘ven more impor¬ 
tant, lies at an ('arliiT stage of produetion ol the spirit, viz., in the conditions 
under which spirit can alone be manufactured in this country. The dut> on spirit 
use<l as a iM'verage in thi* Enited Kingdom is very lieavy, and in imposing this duty 
it is e.ssential to tlie protection of the revenue to impose on the manuiaeture of 
spirit su<h restraints as m:iy be necessary to iuvv('nf any spiiit fiom csca)>ing pay¬ 
ment of duly; and a eonsefjumire of su<*!j restraints must ])e to caus<' an appreciable 
enhancement in the cost of manufactun*. ^Vhal the measure of this enhancement 
may be is not suseeptible of precisi* determination; and ev(‘n an approximation to 
it can <mly b(‘ reached by ])ersons with a minute and practical knowledge of all the 
details of manufacture and of trade on the one Iiand, and of what is nMpiired for 
the protection of the revenue on the otlier. We have*, tln-reforc, not attempted to 
investigate all the elements that enter into the calculation, but have accepted the 
figures tliat hav(‘ iK'cn establislu'd l^y law' and praclici* as applii'able to the present 
situation. Th(*se figures will be found in Ap[>endix No. 1., togetluT with a full 
explanation of (lie manner in wiiieli they liave been readied. For our purpose it 
is suflicimit to say th.at they may lx* taken as reuresenting an enhaneement of the 
cost of t)rodueing plain liritish spirits by .'Id. the proof gallon, or an increasi' of 

' af>out ])er cent, on the cost that wouhl ollierwise pn‘vail in the ])ro(luetion of 
industrial alcohol. It is patent that producers thus hampend could not ho])o to 
compete successfully, either in tlie home or in foreign maikets. against rivals not 
similarly hampen'd, unless some count<‘rtinise were ]»rovided to lla* burdens that 
fi.scal n-strictions* impose upon tliem. Aceordingly. the law does provide sucli a 
eounterjioise -in the ease of tlie home maiket, by making the duty on imported 
spirits exceed the duty on British spirits by an amount eijuivaleut to the bunhms 
on the home producer—this is called tlie “Surtax”—and in tlie case of foreign 
markets, by granting to the home producer allowance's calculated on t,he sann.' 
basis. These' export allowance's are at the rates of !kl. ]>e‘r )»re>of gallem on plain 
spirits, anel .'id per ))rnof gallon on compounded spirits, ane! it is the iiiglier of (lieso 
two allowane'os that is take'U as determining the me'asurc of tlie “Surtax” on all 
import eel spirits otlier t ban Bum or Brandy, on whieli tlie “Surtax” is 4d. the proof 
gallon. The final ri'sult u]>e>n the prie*e of industrial spirit of all the measures taken 
to protect th'* levonue may lx* stated as follow's. Spirit useel in manufacture* is 
commonly about t»l overproof (about 911 p(*r ee'nt. on the continental standard eif 
pure alc('!iol), and is filain spirit. There’fore*, the* price of a bulk gallon of the syiirit 
is almut .'><1. moix* than it would have* liee'n hut hir excise* n-strictions. 'I’he cost 
of metJiylat.ing may 1m* ])ut at between lid. anel -Id. peT Imlk gallon, so that of the 
price eve*nf ually paid by the manufacturer, which at pre'se'iit may be take'ii at from 
20d. to 22d. pi'r bulk gallon for large quantities at wholesale price*, aliout SAd. is 
attributable, to preewition.s on behalf of the rcvcime. ^ 

12. The tw’e> considerations (<;) of the ceinditions in which spirit must lie used, 
and (h) of the price* a* which it can be procured, affect different industries in very 
varying degree's, h'ither eonsideratiem maj*^ l>e of vital importance to a particular 
industry. But, speaking generally, wc have no hesitation in sayir^, on the e‘vi- 
denoo before us, that, taking the whole range of industrial e‘ntoi 7 >risos employing 
alcohol, the question of price is infinitely the more important eif the two. ! lie 
number of cases in which it has been conclusively shown that ordinary met hylated 
spirit is seriously detrimental by reason of its character, are remarkably few, wh<*reas 
tile cases are numerous in which a difference of, say, 6d. per bulk gallon m the price 
of alcohol might make all the difference between profit or loss in the carrying on of an 
enterpiise. 



424 


DENATURED OR INDUSTRIAL ALCOHOL. 


13. To iilusl,ratc this, we will briefly review the evidence laid before us in rcs{M‘ct 
of some of the more import,ant industries employing alcohol, and in doing so u ill 
include such general observations as occur to us. 

Coal Tar CoLmiR Industry. 

11. We take this first because it has figured very ])ronunently in the discus.sions 
whicli huv<' led up to tlie pre.senl iiifpiiry. In the course of those discu.ssion.s, it 
has fre(]uenlly been asscTfed tliaf the (Wl Tar Colour Industry, whielj originated 
in tiiis country, and at (Uie time flourished in tliis country, has becui lost to us very 
largi'ly, if not mainly, by r(.*ason of the ol>staeIes in tlu^ way of a elu'ap and untram- 
inell(‘d sui>ply of aleoliol. In view of tin* prominenee given to this asertion, wo 
thought it desiral)l(‘, even at the risk of trav<‘IIing somewhat beyond tlie immediate 
purpose of our iiujuiry, to procure aulhenlie evidence u])on tlie sul)j*‘et. With 
Hint object we invited to appear Ix'lore us Ih-. W. H. IVrkin, the discoven'r in 
of the lir.st Coal Tar (V»lour, Air. U. .1. Criswell, who was engaged in tlie manufacture 
of aniline dyes from 1X74 I o ISflO, and J’roies.sor Meldola. wiio was similarly (*ngaged 
Iroiu 1X70 to IXS.'i, and to whosi' memorandum ajipendisl to liisevidence u(‘ desired 
to call special attention. We had aKo betore us. as a witness nominated by the 
London (Chamber of Commerce. Profi’ssor \. (J. (Iri'cn, wIiom- name is associated 
wit ha well-known work on Organic Colouring Mat tors Further, our Sub-Committee 
tiial \i''ile<l Cormaiiy liad an opportunity of loarning the \iews of many iMusons 
eonriectid with (le* eoloijr indiislry in that ('omitiy. 

lo. On a review oi all t lie cvidenecu pro and eon, we are salisfi<>d t li.at, regarded 
as a statement of historical fact, tlie as.s'rtion that the (’oal '1 ur Colour Imiuslry 
lias been lost to ibis country on account of obstacles to tlie us(‘of alcoliol istlestitute 
ot substantial foundation. 

10. In tlie earlier day.s of tlie imiuslry aleoliol wa^ used almost wbollv as a 
solv(‘nt, and for that purpose metliylati'd .spirit is suit aide. Mon'over, when aleoliol 
first began to be used as a constituent ol dyes, and until some time after tlie deca¬ 
dence of t lie industry in this country had bi'come marki‘d,tlie maiTiin of iirofit on the 
niaimlacture wils so great that tiie diCleremv in jiriee even betweiui duty-fre(‘ and 
duty-paid aleoliol was a matter that could practically lie lelt out of consid’eralion. 

!7. It would lake us too far afiidd to examine at length into the causi-silial did, 
in lael, eontrilnite to the decadence of (lie industry in this country am! to its rapid 
de\elopmeut in (iermany. Rut mueli infomatioii on tlie .subject’ will be found in 
the evid(‘nc(‘, and here we will confine oursidves to saying that, in our opinion, the 
cause whieh predomiiuit(‘d overall ol hers was 1 lie failu’re of those* ivspoiisilde for tlie 
managemi'iit and for the* finance* of the* industry liere, eluring the* ye-ars IXliO IXXO, 
to re'alip* the vital importaime of its seuemtific siele, and tlieir cemseijuent omission 
to preivide ade(juate*ly for its de've’leipme'iit on that siele. 

IX. Hut while we ''ay (liis in the inlere'st of iiistorie-al accuracy, it liy no means 
follows that oitlier we, or the aiitliorif ies we liavc rpiole^el, think that what wa^ true 
of tlie perieid 1S(H) IXXO is true of tlie juvsent time. On the* contrary, it is uni|ues- 
tioiiablV 1 hat, in some* branches of tlie* colour indnsl ry, with ahxiliol iflaying a con- 
siderable part as a constituent of e<*rlain dyes, anel w’ith profits euil down by corn- 
pet ition to a narrow margin,tlie eirciimstane'e's unde*r which, in r<‘spe*et of condition 
and of price, alcohol can be use'd liave* lieeome* of importance*. Hut here*. le)o, it is 
Tie*(*essary to guard against exagge‘ra1 iem. J/irge elasse's of 1 lu* Coal Tar Colours— 
alizarine, indigo, and by lar the* gn'uter number of tbe* azo dye's - ree|uire no alcohol 
for their manufaelure eillier directly or ineliree-tly, and the’se re|m*s(‘ni hy far the 
larger proportion of all the colours iiroebice'd. '\Ve liave* had varying esliniate.s 
gi\e*n to us of the jiroportion of the whole* output that demands alcohol, and they 
range* from the 10 per cent. of the (leTman aiithoritie's to the 20 per cent., to 2.5 per 
ce'iit. of IVofessor flree*!!. Tliere'lore*. for at l(*asl 7.5 pc'r <*ent. of the* whole* industry, 
aleoliol eloe*s not enter into ace*ount even now, anel these branclH‘s e*ould lie proso- 
cute'el in this country, as in<le*ecl the*y now are*, wliale-ver tlie* conditions in regard 
to tlie use* of alcohol miglit he. 

to. Ne'verthele'ss, even wliere alceihol is not imme'eliate'ly ree]iiired for the manu¬ 
facture of a dyestuff, the utilisation of waste* produe-ts and the de'velopment of newv 
methods may be hamper(*eJ by a want of aleoliol; w'hile, for those* dyestuffs for 
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which alcohol is essential, its price and the conditions of its use are matters of great 
moment. We are of opinion, therefore, that, if the hope is to be entertained of 
recovering any considerable portion of this trade, more favourable conditions must 
be established in respect of the use of alcohol. 

20. We may observe that in the manufacture of dyestuffs, or of the inter¬ 
mediate products for their manufacture, tl»o part played by methylic alcohol is far 
more important than is that of ethylic alcohol. Met hylic alcoliol is not produced 
by fermentation and it was not until the process of its mamifacutn* was so far 
perfected as to bring it into possible competition with ethyl alcohol tliat it was 
thought necessary to subject it to tlie charge of the spirit duties. 'I’liiswasdoneby an 
Act of ISOr); and in 1H98 its us<‘ was j)roliibifed in the preparation of beven^es or 
of medieiues for internal use. Its chemical character differs so mucli from that of 
etliyl ale -hoi that its presence in any product can readily be detected by analysis. 
In view )f these fael.s, we iJiink that exceptional treatment may be accorded to 
meihyli( alcohol, in the manner described later. 

Smokeless Powders. 

21. f)n the question w’heihcr in this industry ordinary methylated spirit is 
nnsiiual>le or detrituental in character, the evidence laid before the Committee 
ap|K‘ars to us contlicliug and inconchisive. We aix* inclined to think that the true 
posit ion is that the question has n(‘ver b(‘en thorovighly sifted. As Sir W. Crookes 
put it to us, il is kiiown that vctv slight elieini<‘al vaiiations in the niat(*rials cm- 
ploye<l may produc(* very mark<Ml variat ions in tU(‘ (piality of tlie powder produced, 
inor(‘ esp(*cially as regards its stability; to determine wii<*lher tlie eliemical com- 
])osj(.ion of ordinary metliylafed spirit (or of methylated etlier) would or would 
not affi'Ct th(‘ staliility or other properties of a powd(‘r. would demand costly experi¬ 
ments extending over many years; and tliere has not be(‘n any sullicient induce¬ 
ment to und< rtake such ex|M*riments. The act of 1902 still furtlaw diminishes the 
indu<K‘ni(‘nt, and all the more so liecause there is proiiablyno single industry in 
which (‘xcepiional advaiitag(‘s as n'gards tlie use of spirit could be accorded with 
less risk to the r<'venu(‘. The workiiM'n employed an' of necessity men of steady 
and trust’..ortliy ebaraeter; they are subji'Ct to the strictest supervision; and the 
mamu'r in which spirit enters into the process of manufacture give but little opening 
for peculation 

22. Hut the question of the price of spirit and ef iicr is one of vital importance to 
the manufacturer of smokeless powder of widen niiro-et'llulose is a constituent* 
Tlie quantity of alcohol used, either directly in the fonn of spirit or indirectly in 
the form of ether, for the prodin‘tion of one pound of this powder is very lai^c. 
What the e\a<'t amount may be it is dithcult to detemdne, l)eeause so much depends 
upon the amount of spirit that may lie recovered from any operation, and this 
varii's as bi'1w'<‘en one operation and another, and as betw-een one factory and 
another. Hut one witness gave tis to understand that a difference of 6d. per gallon 
in the pri<''' of s])irit woidil make a difference of 7d. per pound in the cost of the 
powdi'r jirodueiMl; and it is manifest that even a much smaller difference than that 
would turn the scab' betwei'ii profit and loss. 


PlIAHMACETTTICAL PuOnttCTS—FiNE CHEMICALS. 

23. In this branch of industry alcohol plays a very important part. In Section 
4 of our Sub-Comndttee’s report., the subject is very fully treat<'d, and we will not 
here repeat, what is there stated. We wdll merely observe that for a lai^e, and 
probably increasing, numl)er of sub.stunces, such as the synthetic perfumes, anti- 
pyrino, plicnacetin, sulphonal, and so on, alcohol at a price not in excess of that at 
which it stands in competing countries, and usable under conditions not inimical to 
the quality and character of the compounds produced, is essential to the existence 
of the in(fustry. 3'he industry pn'sents certain features of diffieidty because, in 
the first place, there are large numbers of pharmaceutical preparations in which the 


• It ia an open question nmonjpit the authorities whether the powder of the future will be one 
requiring alcohol for its preparation. 
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alcoliol remains as free spirit, and wluch must continue to be made from d»ity-paid 
spirit; and because, in the second place, tlie preparations are so numerous and so 
vari(ms in character that tliere arc difficulties in making a single process of dena¬ 
turing applical>le to tliem all. Rut these ditliculties havi' l>een satisfactorily over¬ 
come in (l(‘rniflny, an<l wi; see no reason wliy tliey should not be overcome l,ere. 
W'e are. ho\v(‘ver, of opinion that the manufjicture of synthetical cliemical products 
with duty-fr(‘e alcohol would have to be completely and effectually separated from 
th(‘ manufacture ol j>r(*parations (as, for example, tinctures) in which the alcohol 
lemains as such, and which, tliereforc, must be made with duty-i)aid spirit, 

Etiieii. 

24. The production of ether has become a most important industry, large quan¬ 
tities being reipiired for manufacturing ])urpos(‘K (c.c/., smokeless ])Owcicr artificial 
silk, et.c.) and for refrigerating purposes. l'’(»r most, if not for all, of thes(‘ purposes, 
eliier made from ordinary metliylated spirit is quite suitable. But, inasmuch as 
it re<|uires much more than a gallon of strong s|>irit to produce a gallon of ether, 
the 1 rice of spirit is manifesily a consideration of primary moment to lliisindustry. 
Incidentally we may mention that, in the eourse of tin* evidenee, the (|ueslion was 
raised whether tlie pr(*sent rates of inqiort duty on ethers an‘ the correct equiva¬ 
lents of the duty payable on the spirit necessary to produce them. 

AimFiriAL b'iLK. 

25. Tliis industry is not at present yirosecuted in this country, although it em¬ 
ploys many thousands of workpeople on tin* (Vuitineiil. Some fiv<- or six years 
ago an attempt was made to introduce it, and a factory was <‘stahlished at Wolsion, 
near t'ov(‘ntry. but after working for neaily two years (IHtHt lttOO) it was closed. 
At tliat time tlie excise^ aulhorilii's bad ik* power to allow the use of spirit in any 
ot b(*r lorin Ilian tliat of ordinary metliylated spirit, and in the opinion of Mr. Casly, 
wbo was ('bairinan of tlie coriipany fn)m its jormat ion until some six months before 
it was woumi ii]>, and wlio attended as a witness before ns, tlie oliligation to use 
melliylated s])irit was one of tlie causes of the failure of th(‘ enterprise. The evi- 
<lence on this yioint is far from conclusive. But it is unquest ionahle that the opera¬ 
tions of manufacture in this indnstrj’ are extremely delicatcu and tliat tlie ditficultics 
to 1'(‘ overcome are in any case great and numerous. To add to the difficult ies that 
are ini'vitabh* one that can be avoid(‘d would manih^stly be most undesirable; and, 
therefon*. if using metliylated syiirit creati's a fresh dilliiuilty, it should by all means 
b(‘ avoided. For the manufacture of artificial silk, the price of alcohol is a con- 
sideral ion of vital importance, as 1 be combined ether and spirit reipiired to produce 
one pound of the finished article reyircsent s nearly a gallon of strong spirit. 

Lacqueus, Vaunishes, etc. 

26. Those are usually made with the ordinary methylated spirit, where spirit 
enters into the manufacture. (Spirit is not required for lacquers that are applied 
cold.) In a few’ rare cases jiiire duty-paid spirit is employed for the finest kinds 
of lacipier. On the question whether methylated spirit is detrimental to the char- 
act(‘r of the product, the I'videnco submitted to us was conflicting— some witnesses 
insisting that it is detrimental, another, rcqinjsonting a coiisideruble si*ction of the 
trade, maintaining that it is not. Syiecimeiis of goods treated with lacipicr made 
with pure spirit, with ordinary methylated spirit, and with wood-naphtha, rospec- 
t ively, were submitted to us; and we are l)Oun<l to say that any distinction between 
iliern was scarcely perceptible to the* unprofessional eye. 

27. However this may l>e, wc consider that for tliis trade neither the character 
nor the price of spirit under existing conditions creates any serious hindrance, 
except, perhaps, for goofls exported. For in the home market the trade enjoys a 
considerable measure of practical jirotection, owing to the fact that imported 
lacquers and varnishes containing spirit are charged full spirit duty on the 
quantity of spirit contained. 
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Motor VEiiirLES. 

28. Spirit is not used at prosent in this country as a fuel for motor vehicles. 
Nor is it so used to any great extent eitlier in Germany or in France, in spite of 
the fact that both these countries arc most desirous ol encouraging the use of a 
material that is indigenous, in pndeixmee to a material like j>elrol that has to be 
imported. Wliere spirit is used for motor or other engines in those countries, it 
is almost entirely for agricultural engines. For motor cars, spirit presents certain 
special ditticulti<*.s, wliicli require to l)e overcome, the principal being the iMhaviour 
of ulcoliol in very cold weather, and the l(>ndency of the acids g(*nerated by its com¬ 
bustion to cause corrosion of the metal surfaces witli which tliey come in contact. 

2t). For the moment., therefore, tlie (juestion of tlie use of spirit for motor cars 
is not ripe for consideration from t.lu' point of view of our inquiry. Should it here- 
alter become so, it is manifest tliat alcohol usc'd for tliis purpose must be denatured 
in 1 lu‘ most. etTectual and most pcrmaiumt manner. Happily this will not present 
any dillieulty, as there is no evidence to suggest that the mineralised methylated 
spirit in common ust* in this country is in any way unsuitable or detrimental for this 
pui’po.se. 

lii). Any (piestion, then'fore, of the use of spirit for motor vehicles will be one of 
prici*, and as at. pn'scuit tlie prie(‘ of petrol is about, half the ])rice of methylated 
spirit, we think that close iuvi'stigation oi tlie matter may Im* delayed until such 
tune as there may Im* an approximation l)etwe('n the prices of petrol and spirit 
Bufheiont, to create a practical alternative ol elioice U'tween the two. 


fIKNKKAL CoN’CLl’SlONK. 

•SI. On all the facts l)(‘fore us we have arriv(*d at the follow’ing general con¬ 
clusions; 

(i) That where spirit is used for gen(‘ral and universal purposes, such as 
lieating or lighting, the present “niin<‘ralised” m(*thylate(i spirit is perfectly 
salislactory, both to the revenue and to tin* pul»lie, in n'spect ol character, and 
that at pn'sent no Iwtter metliod of denaturing is availalde. In respect of 
j)iice, th(* <‘ost of miiu‘ralis(‘d methylated spirit is enhanced by some 40 per 
cent, by reason of measures n<*eessary for the protection of tiie revenue. But 
to <‘ounte.vail such enhanccancnt would bo mcu'ly to reli(‘ve the wliole com¬ 
munity of a l)urdcu in one direction by putting upon it an ecpiivalent burden 
in another, seeing t.liat tlie cost, ot relief would nt'cessarily have to 1m* miule up 
to the hjxeliequcr from some other source of t axat ion. Thus there would be no 
real balance of gain to the community as a whok* from arrangements that w'ould 
of neces.^ity be .somewhat complex, and would entail a e<*rtain cost in tlieir 
application. We tluak, however, that, having regard to the practical W'curity 
that IS provided for the revenue by the proc(‘ss of denaturing adopted in the 
cas(^ ot iiiis spirit, the regulations in regard to distribut.ion might be appreciably 
ivlaxed in n'sjM'ct of the (plantities that retailers may ke(‘p in stock, or may 
Bell at any one time to a customer. We recommend that the regulalioiiB should 
l>c lelt to be prescribed from time to time by the Board of Inland lleveuuc, 
instead ol l)eiiig stereotyt)ed in the St.atutes. 

(ii) 'I'hat where spirit is used for industrial purposes, the Finance Act of 
1902 provides adequate and entimly satisfaetoiy machinery for securing that 
the .spirit may be used in a condition that is suitable and ajipropriate to each 
part.icu1ar purpose of manufacture. The machinery Ls elastic—much more so 
than is t he corresponding macliinery in Germany —and it permits of every reason¬ 
able process of denaturing, or even, in the last resort, ot the use of spirit in a pure 
state. For mon* t-»an this it would Ik^ impossible to a.sk. 

(iii) 'Phat something more required in order to place spirit used as an 
instrument or a material of manufacture on a footing satisfactory in the matter 
of cost. Anything in the naturt* of a bounty is undesirable. But seeing that 
on the price of spirit the very existence of cetain industries may depend, and 
that for all industries using alcohol the price of spirit is an important factor for 
that portion of trade tliat lies outside the home market, we arc strongly of 
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opinion tliat it is dosirahle to mako such arrangciinonts as will free the price of 
industrial spirit from the enhancement duo to the indin'ct influence of the 
spirit duties. It would sundy k* disastrous if, to the misehiet that tiie drinking 
of alcohol causes by diminution in the ctheiency of lal)our, the taxation of alcohol 
should 1)0 allowed to add the further mischief of narrowing the openings for the 
employment, of labour. 

32. In our opinion, there is only one way in which the influence of the s})irjt 
duti(‘s can be satisfactorily count(‘ract<‘(l in favour of industrial alcohol. 'I'o 
diminish the Exiise n'st.riciions on the manufaoitire of ah^ohol might mitigate the 
influence, but probably not to any great extent. For with a duty of over 1000 per 
cent, on the prime cost of an artieU\ revi'iiue control must of necessity l)e strict. 
.Mor(*ovcr, the gain to industry would k made at the risk of the r(*venu(‘, and a 
duty that yields over 1*20,000,000 per annum to the Exchequer is a public interest 
that cannot k* trifled with. To reli«‘vc imported spirit from the surtax which is 
needed to counterl)alance the burden im]»osod on production in this country by 
th(“ Excise regulations would k* manifestly unfair; and its (dTect would k to give 
to the State-aide<i spirits from Oermany or Ilus.sia a practical monopoly of the 
market in this country for industrial spirit. 'I'he only adequate course, it. seems 
to us, is to neutralise, for industrial spirit, the imhanced cost of production due to 
lOxcise control, in tin* sam<‘ way as the enhanced cost is neutralised for exports, 
viz: by granting an allowanci* on such spirit at such rate as may from time to 
lime l)e taken as the equivahmt. of tlie inori'asi' in <*ost of production due to revenue 
restrictions. At tlie present time, the rate is taken at 3tl. per proof gallon for 
plain spirits, and the allowance would accordingly be at this rale, and should be 
j)aid equally on all industrial spirit whether it l)e of Uritisii or of foreign origin. 

33. We do not suggest that tin* cost of methylalion sliouid be borne l>y tho 
Stat(‘, alllumgli a strictly logical application of the principle of attempting to put 
indusuial alcohol on the footing thal it would occupy, il there were no duties on 
spirit, uiiglit seem to reipdre this lurther com’c.ssion. For we hold that 1 he manu¬ 
facturer using alcohol has so strong an intiwest in rondiTing it impotable lor his 
own protection (hat lie may fairly lie asked to accept denaturing as a necessary 
incident ol usi*, the cost of which he should hear. 

31. At the same time we think that the charge on the manufaelurer might 
n‘a.sonably be limited to payii^ the cost of tl»‘ denaturing agents and ol the mixing 
of them with the spirits; andtliai he should not be rcMinired topaythecosf of regu¬ 
lar attendanc(‘ of the Excise* officers which is given wholly in the interests of the 
revenue. Attendances at irri'giilar times, at tlu* speci;il reeiuesl. and for the sj)ee‘ial 
convenience of the* manufacturer, might, if necessary, continue to be charged against 
him. 

35. We think that for ordinary methylated spirit (which will continue to be used 
for many industrial purposi's for which it is not, in the words of t he Act ot 1902, 
“unsuitalile or detrimental'*) the formula of methylation may safely be modified, 
and the proportion of wood-naiihtha reduced, so that the mixture may consist of 
ninety-five volumes of spirit to five of wooil-nayiht.ha. 'Phis will at once some¬ 
what cheapen the methylated spirit., and will also diminish any preju<licial effect 
that the cliemieal properties of wood-naphtha may have for certain manufactures; 
while it will continue to “earmark” the syurit sufficiently to allow of detei’tion by- 
analysis, should the methylati'd spirit be usimI for any improper puryiose. It must 
be rememkwed (hat this kind of methylated sjiirit can only be used by persons 
holding an authority from, and under heavy bond to, the (bmmissioners of Inland 
Revenue (whereby its employment is .subject to control and supervision, which can 
be graduat.cd according to circumst,anc(*s), and that consequently the risk ot fraud 
is limited. 

30. We have mentioned that we think that methylie alcohol used for indu.«trial 
purposes migfit lie accorded syiecial treatment.. Wc understand that the Hoard 
of Inland Ri'venue do not consider that it would k sale to n‘vcrt to the |>osition 
obtaining kdore 18G5, when methylie alcohol was regarded as wholly outside the 
scoyie o'* the spirit duties: and their opinion receives supyiort from the fact that in 
Franco the law has recently been alien'd so as to define more yirecisely the degree 
of purity whicli shall render metfiylic alcohol liable to duty. The object we liave in 
view can, however, be sufficiently met without taking methylie alcohol out of the- 
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charge for duty. It would meet all requirements in respect of methylic alcohol, if 
it were exempted from the condition of tlie proviso to Section 8 of the Act of 1902, 
wliich rc(}uireK payment of tlie surtax on all imported spirit used for manufacture, 
and if the Hoard of inland Hovenue should exercise their dis(;rct ion under the section 
in the matt»‘r of denaturing in such a way as to permit tlie use of m(*thylie alcohol 
praelieally pure. This, we understand, iliey wouhi he willing to do; and exemp¬ 
tion from the surtax would he fully justified, masnmelt as the manufacture of methy¬ 
lic Jileohol in llie I’nited Ivingdom is not, in fact, subjected to any restrictions that 
enhanee Ilie cost of its ])roduction. 

Ii7. While making the eoncessions above described, we think it would lie right, 
in 1,1 h' intcr<‘sts of lla* roveniK', that spi'cinl denaturing agents authorized for use in 
particular industries, .should be sulijeet toofiicial le.st; and furtJierthat nianufaetur- 
ers who are authoris(‘(l to employ specially denatured aleoiml sliould be recpiired 
to keep siu'li books as may b(‘ ])reseribed, showing the reeei]>ts and Is,sues of spirit, 
the matmer in whieli it has l>een distrilmted to the several brandies or departments 
<>t the factory, and the quant ities produced of I he art ides nianufaetim'd with it. 

We b('[i(‘V{' that the reeoinmendations we havi' made, if adopted, will ]>lace 
the nianufae.turers of this country in resjiect of the use of alcoliol in industry on a 
footing of equality, in some r(‘sp<‘cts ot advantage, as compared with their com¬ 
petitors abroad. Amongst IIk' witni'sscs wlio appeared before us, wc found a very 
gi-iMTal impri'ssion tliat, in (lermany at any rate— and (lerniany is our most formid- 
abl«“ (simpet it or in I his li<‘ld—s}>irit could be us(*d iu inanufaeturc duty-frc'c and pure, 
with scarcely any restraint. Tliis is very far from Ix'ing the ease, as the Report 
oi our Sub-(’omniittee .shows. As regards prin', the grant, of tin* export allow'ancc 
wouhi, we belicxe, make the avenige ])rice of iniiustrial spirit in the T’nited King¬ 
dom even lower Ilian the average price in (lermany. Tlie ])rico. exclusive of the 
cost oi any denaturing, would, umicrpresent conditions, Ik* about 7d. the j>roof 
gallon, or about 11 ?.d. tlie bulk gallon at (>4 ovi'r proof- the .slr<“ngth common in 
industrial spirit. 'I liat is as lo^Y as the minimum price* jiaid liy us(‘rs in (Jermany 
in tlu* year 191)2, wlu'n spirit was abiionnally low, and is much b(‘low the figure's of 
Is. :Ud. per proof gallon, and of 2s. 1^1- l>er bulk gallon ]>rev'.ailing in (lermany at 
tin* [►resent time. Further, (lie price of spirit in this country, where all materials 
mav lie fr ‘oly used, and wlu're none of general use are subject to taxation, is a stalile 
prii*e. In flermany tlie eondit ions of jiroduction tend to wide and rapid fluctuations 
in price. 

d!). At tli(‘ .same time, it would be a mistake to suppose that any facilities given 
for t he use of sjiirit in this count ly ar<‘ likely to creati' .such an increased demand 
for .spirit as to produce any .siionage of supply, atid so to lead to a ris<' in price. 
This ])oint i.s fully di.scusscil in Sect ion 9 of our Sub-Committee’s Rcfiort, and w'c see 
no reason to di.ssent from the conclusion that any incmase in the demand for indus¬ 
trial spirit must for a long lime to come li«' well within the limit, of lU millions of 
proof gaMon>. Tliis estimate serves also to assign a limit within which the charge 
to the lOxchoquer, n'sulting from the propo.si'd allowance of .Sd. per proof gallon on 
industrial sjiirit, will be confined. The present con.sumplion of such spirit is about 
tuilllun jiroof gallons, on wbich the allowanei' would aggregate £40,000. The 
utmost exuansion that can be regarded as atl.ainablc within n measurable distance of 
lime would doiilile tliat sum, arul it may safely be as.sumed that any immediate 
expansion will lx* nioderati* and gradual. 

40. For convenience of rcfcrenei* we siimmarisi* our several recommendations. 

(i) That an allowance be granted to all industrial spirit, whether of Hritish 
or foreign origin, at the rati* from time to time prevailing for the allowance to 
British plain spirits on exjiort.: 

(ii) That import(‘d melliylie alcohol be relieved from the oliligalion to pay 
the surtax impo.sed by the proviso to Section H of the Finance Act. 1902; and 
that racthylic alcohol lie accorded favouiablo tn'atmcnt in the matter of dena¬ 
turing: 

(iii) Tliat ordinary” methylated spirit should contain only 5 pc^r cent, 
w'ood-naplitha, instead of 10 per cent. 

(iv) That no charge should he made on manufacturers for tlie regular atten¬ 
dance of Excise officers to supervise denaturing operations or the use of dena¬ 
tured spirit, in factories taking the benefit of Section 8 of the Finance Act, 1902. 
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(v) I’hat where ^irit is allowed to be denatured with special agents such 
agents should lx; subject to official tesi, and approval; and that accounts should 
Ik* kept i)y the user showing receipts of spirit into stores the issues thereof from 
store in detail, and the quantities of goods produced. 

(vi) 'riiat. in the nianufactuni of fine chemicals and pharmaceutical products, 
s])irit specially denatured should lx; allowed only where the manufacture is kept 
entirely si'parate from the mamifactuve of tm<*tun‘s and other preparations in 
which spirit remains as spirit in the linished product. 

(vii) That the regulations gov<*rning the sjile by retail of mineralist'd methy¬ 
lated Hj)irit. should be made less stringent and more' elastic. 

Any s])eeial cas(‘s, sucli as that ol smokeless powder, not touehed by the above 
recommendatioits, can always be met under the powers conferred by Section 8 of 
the Act of HK)2. 

41. In concluding our Report, we desire to express our iiidebtedness to our 
f5{‘cretury, Mr. E. 0. Cunningham, whose* service* in that capacity has been of the 
greatest value to the Committee. 

We have the liommr to l>e, Sir, 

Your olK*di(‘nt Servants. 

Tl. W. PuiMItOSE, 

WliJ.JAM ('HOOKES, 

W . H. Holland. 

John Scott Montagu, 
Lothian J). Nicholson, 
M'm. Scjmehvtlle, 

'J’. K. Thoute, 

Thomas TvKEtt. 

E. C. Cunningham (Secretary). 

23rd March, lOOf). 

D(*ar Mr. (’hanc(>llor of the Exchequer, 

After carefully ro-penising the above report in its final form, we shall esteem 
it a favourif you will kindly allow us to modify our assent to th<* snm(‘what emjihatie 
opinion (*\press(*d in partigrapn 15, and to say that whilst obstaeh's to the ii.si* of 
Alcohol have not been slmwn to be the sole, nor evi'ii tin* main, cause of the loss of 
tlic Coal Tar (Colour Industry to this country, we are nevertheless of opinion that 
they have ficcn shown to be one of the contributing causes of that unfortunate result. 

Yours sinceri'ly, 

W. H. Holland, 

John S. Mont.agu, 

3lBt March, 1905. 


REPORT OF SUB-COMMITTEE ON THEIR VISIT TO GERMANY. 

We have tlie honour to report, that we left London on the morning of January 
14th, it;tuming on the 26l.h. 

We spent six days in Berlin, and while there we reeeived the most cordial and 
unremitting attention from Privy Counsellors Koreuber and Dr. von Buchka, to 
W’honi, tbrough our Ambassador, W'p had lieen referred by his Excellency tlic Secre¬ 
tary to the Imperial 7'reasury. We desire* to record otir sense of the very great 
obligation under which we feel to those gentlemen. 

From Berlin we went on to Heidelberg and Darmstadt, returning through 
Cologne. 

We give tlie result of our inquiries in full detail in separate sections relating to 
the several lieads. The outcome of them may be briefly summarised as follows: 

(1) That the German system, in regard to the us<* of spirit for industrial pur¬ 
poses, is correctly stated in Appendix No. HI., as laid before the Committee: 

(2) 'fhat this system, while designed on liberal and compn'hensive lines, is 
rigidly enforced, and allows of no exceptions in practice to the rules as hud down. 
Consequently, with the exception of smokeless powder, no article can l>e manu- 
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factured in Oennany with duty-free spirit, unless it be subjected l)efore use to 
some process of denaturing: 

(1) 'that the price of spirit in (lennany for industrial pxirjmses fluctuates very 
widely; that at the present time it is considerably higher ilian tlie price of similar 
spirit of British manufacture! in tliis country; and that even in normal years its 
price is not as much below the price in this country as the Committee liave been 
led to suppose; 

(5) That till' consumption of spirit in Ch^nnany for domestic and industrial juir- 
posi's afl'ords no st andard by whicli 1 o measure the possible consumption for similar 
puri>oses in the United Kingdom. 


Section 1. 

Ofjievtl licijuUitwns. 

The whole of our first day in Berlin we spent in going carefully through tlie 
pubJislH*d oflicial regulations as to use of spirit duty-tree tor industrial and other 
purj»)S(‘s witli Privy Counsellor Koreuher, of tlie Impeiial Treasury, and Dr. von 
Buclika, tlie Head of the Cliemical Branch ol tliat l)(“partmcnt. 

Asa result we are enabled to state that tlio abstract of tlic regulat ions as given in 
Apjiendix No. 111. is perlectlyaccurate, and that practiee eonlonns exactly to the 
regulat ions. 

Accordingly the rules and pract ice of the (leniian Kinpirc may tie briefly described 
as follows: 

(1) Sjiirit may lx* used duty-free in a jiure, und(‘naturc*<l slate, only in a very 
limited number ot eases, viz: 

(a) In public, i.v., State, or munii i; al, hospitah: 

{!)) In .similar .seienlifie institutions; 

(e) Kor making smokeless powder, fusi's and fulminates. 

(2) Por all otlier purposi*s, witlumt exception, duty-jiaid spirit must i )0 used, 
unions the spirit lie sut)j(*eteii to some (mifutTinv*! process of denaturing prior to use. 

(d) 'the uuthori.s(.*d processi's of denaturing fall into two main classes, according 
as tliey result in: 

A. ('ompl<‘te IX'nat.uring. 

B. li.coni})l(*tc Ik'iiatnring. 

(4) 'riu* processes authorised for "Complete Denaturing" are two, viz; 

(u) An admi.xture witli (‘V(*ry 100 litres of sjiirit of 24 litres of a mixture con¬ 
taining 4 parts of wood-naphtha and 1 part of pyridine bases. ('Fo this mixture 
50 grams of lavender or rosemary oil may be added optionally, to counteract 
the smell of the pyridine ]>a.s(‘S. Ifut the siddition is s#*ldom made.) Spirit thus 
denat ured is what is used for domestie jmrpos(‘s-~hoating, lighting and cooking. 
It is seldom used for industrial purpos(‘s. The only purpose of that kind for 
which it s employment is considerable is the manufaeture of clieap varnish. 

fb', An admixture with the spirit of half the (juantily (viz., 1J litn‘S per 100 
lities of spirit) of the above denaturing mixture, together with an addition of 
} litic of a solution of methyl violet dye and of lienzol in quantities that may 
rang!* from 2 to 20 litres to every 100 litres of spirit . 

Althougii spirit thus tr(‘ated is classed as coinplet ely denatured, its use is limited 
to agricultural and motor engines, and the process w ould soera to fall more properly 
into Class B. 

The spirit tlin.s denatured is used in practice almost entirely for agricultural 
engines, as no satisfactory solution has yi*! Ix'cn found of certain difficulties which 
lieset the use of spirit for motor cars. 

(5) The jiroeess'is authorised for "Incomplete Denaturing” are numerous. 
They consist: 

(a) Of tw'O alternative processes of general application, viz.; 

The addition to every 100 litres of spirit of cither 5 litres of wood-naphtha, 

rr i litre of pyridine bases. 

(b) Of numerous processes of special application. 

These are fully set out in Appendix No. 111. But the processes applicable to the 
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most numerous and most important indnstrios, inclnding coal tar colours and chemi¬ 
cal prt'parations, are the four altcmativoK of 

An addition to every 100 litres of spirit of 10 litres of sulphuric ether, 

or 1 litre of benzol, 
or ^ litre* of tur|H’ntine, 
or .02.5 litre ot animal oil. 

(0) W(* may observe that the above regulations an* apf)lical)l(‘ only to ethyl 
aleoliol. Methylic alcohol does not fall within tlie chaise to .spirit duty in viermany, 
and may he used freely for industrial puriioses, without control by the Uevenuo 
authorities. 

(7) Tin* sehedulo of authorised d(‘naiuring ageiit.s cannot Ik* vaii(*d by the h^.xec- 
utive. Any amendment ol it, or addition to it, must be sanctioned by the Bundes- 
rathjor I'Vdi'ral (•ouncil of the Empire; and tlie procedure for olilainiug sueii sanc¬ 
tion oeeu[)ies many months, probably lu'ver less t iian six. 

We acid trom our m>lc‘S a f(‘w general ubsc'rval ions and oth(*rs bearing upon points 
referred to by witnc'sse.s who hiivc* givem c*vki(*nce iM'fore the* (-onimiltc’e. 

(i) 'I’lie rules are .stric'tly enfore<*d and no exception' to th(*m are allowed. 

(ii) The Kev<*nuo authorities rc'gard them as being as little* stringent as is com- 
patil)le with the safety of the sfiirit. r<‘venue, even with the present low duty on 
spirit. They eonsiderc'd that, if the dutie.s were ever to be rai.sc*d. it would be neces¬ 
sary to rt'visc* the regulations, and to make them less lenient in certain diu*ctioii.s. 

(Hi) Tlie revenue authorities rc“gard as a valuable saleguard to tlie revenue the 
obligation on manufaeturers to ki'eji “stock accounts'’ and “control book.*'.” They 
do not con.sidcTt hat it causes tomanufact uiers any serious diliicully or inconwuience. 

(iv) For laccjuer-making a consideiable cjuaiitily of woocl-naphiha denatured 
spirit is ii.sed in Nurc*m})(‘rg, Badcui and Jkivaiia. Elsewhi're tnqx'iitine is almost 
uuiv(*r.sally employed as t.lic deiiaturiiig agc'iu. No lacciuors, polislic-s or varnishc'S 
cun lx* made in Germany with pun* uuty-five spirit, or with admixture only of 
shellac. 

(v) PhoifH^raphic CoVodum.—^i is the* common opinion in Germany that the 
liritisli-inade collodion is )K*tt.er than the Gennan. 

(\i) K(hhlc Oik .—No sjK'cial ]>rocess of denaturing is prescriln'd for these. 
'Pherefon* the* genc'ral ineomplc-te denaturing agents must be u.scd, ?.c., wood-naphtha 
or pyridine* bases- see alMive (a). 

(vii) All alcoliol-contaiuing medicine's niu.st. now be- made witli duty-paiel spirit, 
t'ven v(*te*rinary medicines. 'I'he privilege* of using pure- undenatun-d duty-free 
aleoliol feir sucli purj'ose was taken away in OctolM-r. BMKT 

(viii) Tinctures are not allowe-d drawback on export at ie>n, uid(*ss manufactured 
undeT Exci.se* supervision (in bond ). 

No drawback, or allowance in tlie nature* of drawbue-k, is give-n under any cir- 
eum.stancea in respect of articles mamitae-tured with denutureel spirit. 

Section 2. 

If was our desire to see the working of the system in factorie's typical of as many 
of the* principal indu.stries using alcohol as it might be* possible* for us to visit without 
unduly e*xtending the period or the* circuit of our tour. We f;jile*d, however, to 
accomplish this object in r(*sp(*et tei faefeiries for the preiduetion of synthetic per¬ 
fumes, of varnish, and of coal tar colours, lor the fedlowing reasons: 

SyTithchc Pcrfumcfi. 

Dr. von Buchkavery kindly addrc*ssed,e)n ouriK'half,tlie firm of Messrs.Schimmel’ 
of iK'ipsic, the principal manufaeturers in Ge'rmany of synthe*tie perfumes. But 
tliose gentlemen infeimied him that it was against the rule* of their establi.s]iinent to 
admit, visitors, and that they regre*tted that to this rule* they could make* no excep¬ 
tion. 

Vanimh. 

This industry is not carried on to any gre'al extent in Berlin. But Dr. Wittel- 
fihofc'r, managing director of the Centrale lur Spiritus Verwerthung, kindly made 
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efforts, on our bclialf, to obtain admission to the one important estaUisiiment of 
tlic kind in the city. Owing, however, to the absence oi the prineijial partners, 
there was no one who possttssed tlie reciuisite aiitliority to give iiermissiou lor our 
visit during tlie days we were in Berlin, and wo ilid not think it worth while to pro¬ 
long our stay tor the purpose of obtaining an oyiportunity, as the taels and po.silion 
in regard to lacquer and varnish are so clear as not to demand any further syiecial 
elucidation. 


Coal Tar Colours. 


Bi'fore leaving England, Dr. Thorpe had addressed to Dr. Cdaser—a persona! 
friend ol hi.s, .anda lormer director (now a member of the Advi.sory Committee) of 
the Badtselie Anilin und Soda hainik of Ijiidwigsliafen—a rctpie.st tljat we miglit 
be iiermitled to visit that establishment.. Tlie diieetons fell some dillieulty m acced¬ 
ing to this request. 'They, however, de|)uted Dr. Ehrhardt, one ol their ehemisls, 
to wait u|ion us at lleidelfierg witli Dr. (lla.ser, in older to explain their position, 
and to give us such inlormation as he pioperly could in regard to the .sjieeial sub¬ 
ject of our inquiry. We,accordingly, hail the advantage ol a eonver.sation of some 
two hours duration with him and Dr. (llaser together, and from our notes of it we 
abstract the following items. 

Dr. Elirbardt fell great dillieulty in offering an opinion as I o the pro|)ort ion of I'oal 
tar dyes, wtiether by way ol value oi ol quanlily, which require the use of alcohol 
in their luanulaeture, l.iut was inclined to accept as yirobalily eorreel an estimate 
which had been given to us in Berlin liy a very competent authority, and which 
placed the )iroporlion at 10 tier cent, ol the whole. He obseived that indigo and 
alizarine, neitlier ol which requiies tlie use of alcoliol, would account for at least 
one half ol the production ot the Badische Kabrik. In addition there was a laigc 
ela.ss of azo I'oloiirs wliieli made iiji a large projiortion of the rest of the colouring 
matters made by the company, and of which only a very few individuals require 


alcohol. , . , , ,,, 

Asked whether, in these cireiimslances, it might not lie possil.le to engage proht- 
ably in tlie uianufactiire ol the tK) per eeni, ot dyestuffs that need no alcoliol, while 
neglietmg lliosv' that required alcohol, Dr. Elirliardl nunarked that such an enler- 
liri.se would be at a disadvantage as regards the by-products for the. profitable 
utilisation ol which research, demanding alcohol, was neei'ssary. 

Dll the i|ueslion ol the pro|iorlioii that tlie co.sl of alcohol bore to the total cost 
of iirodiietion ol coal tar colours, IT. Elirhardt felt uiialilc to offer an opinion; but 
lie regarded as quite possible an estimate ol J per cent, which had been given to us in 
Berlin hv the aiilhorily iirevioiisly meiitioiied. 

1 )utv -I rce alcohol in a luire st ate is not allowed under any eirciinistanccs, not even 

in the laborat ory. . ■ ■■ ■ . 

The dciia’ iirant s eiu|iloyed by the Badische Fabrik are animal oil, Jiyridine, and 
sometimes tin eoloiii to be inaniitactiired. _ 

The import .ation into Dermatiy of English-made colours or micrmediato prod¬ 
ucts is suiall and is eoiilined to a lew s|)ecialitie.s. it,non 

'The total mimlier of yiersons employed in the habrik is between . ,000 .and .S.OOO, 
of whom a large niindaT are boys; no women. Ol thi-se only a very few could ever 
bavc access to the spirit used, at. a .stage at. which it might conceivably Iw drunk, 

and those few would always tie under supervision t i i i .i 

There is no iiartieiilai Ictidency at the habrik to avoid the use of alcohol, the 
restrictions not being found seriously burdtmsome. , . , . , 

(111 the general quest ion of the causes whieli have led to the great developmetil of 
the coal tar industry in Dermany, and its decline or at any rate its si agnation in 
(ireat Britain, we had much interesting talk with Dr. (daser and Dr. Elirliaidt, and 
also on the following day at Mannheim with Dr. Caro, wdio niav be regardeo as one 
of the principal founders of the industry in (lerniany. I hi'.v all agreed that, as an 
historical f.act. the question of alcohol had little or nothing to do with the matter. 
Dr (^aro pointed out that the movement liad tioffun. and iiad reached a point of 
eonsiderahl(‘ advancement fvefore the time at whieh the use of alcoliol otherwise 
than as a solvent- a purj ose for which methylated spirit is perfectly suitable- had 
been appreciably developed, and before the time at which reduction m the sidling 
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aricc of dyestuffs through competition had rendered economy in production of 

wrious importance. r .i, i 

'I liey were unanimously of opinion that the real cause of the failure of the dye 
industry (o develop in the United Kingdoin was the lack ol appreciation by Biitish 
[iiamifacturers of the importance of the sciontifie side of the industry. 'I'hirty and 
forty years ago the whole l)usines.s was conducted by the manufacturer, without 
much thought of its scientific aspects,and without any adequate recognition of the 
place ot the trained chemist in connection with it. 

In (Icrrnatiy the case was difierent. There the rise of the industry coincided 
with lui immcn.se development ot ai-tivity in the study ot organic chcmi.slry and in 
its application to indu.st ry, stitnulatcd largely by the inlhicncc of Kckidc, his coad- 
iutoi.s and immediate followers. Dr. (ila.sr‘r gave it as his opinion that Kekuk'hs 
conceiition ol thi' chemical .structure ot benzol was the germ out of which hasgiown 
the modern colour inilustry. The output ol chemists by the (iemian Univcr.sities 
was relatively (mormons, and Las continued to be so tor the jiast forty years, and 
the services of competent chetnisis becana* obtainable jit salaries of no more than 
iTOO (ter annum. Consequently, they arc engaged by hundreds to act practically 
as foremen in tlie works, and the whole ot the .subordinate suiicrvision was in the 
hands of scientifically trained men. 'I'his was of immense advantage to the business 
ol mamilacture, and at the same time it iirovided a large field fiom which to select 
the more competent men for the work of research and itivcnlion; and those thus 
advanced were given a leading part in the inaiiiigement and in the profits of the 
business. . , , . . 

Nothing of the kind was possible in England at that time. I’erhaps it is not .so, 
even now. ... . . , 

.At the same time these genthmien all recogni.sed that as things aie at the ]>re.sent 
day, when alcohol enters .so largely into the composition ol colouiing matters, and 
when the profits on the manufacture of coal tar dyes and intermediate pioducts 
have been cut down liy competition to a ntirrow margin, the question (it alcohol, 
of the price at which it can be iiroeurcd, and of the facilities given for its cinnloy- 
ment, has become a matter of great, if not ot caidinal, importance. 


Section 3. 

Operation oj Complete Denaturing. 

By the courtesy ot the lircnn.spiritiis Cescllschaft we were given an opportunity 
of visating their methylating primiises in War.schatier 8tras.se, in the eastern (marter 
of Beilin and there witnessing the operation of prejiaring the “completely ’' dena¬ 
tured spirit which is usi-d in (lermany for homschold purposes—healing, lighting, 
cooking, etc., and which thus corresponds to the ininerali.sed methylated spirit 
we are familiar with in this country. 

On tlie occasion of our visit, the spirit for denaturing was contained in twenty- 
eight casks, holding some 000 litres (133 gallons) aiiiece. These had been con¬ 
veyed to the metliylating premises direct from a distillery, under Rcveime seal, and 
accomiianied by an official despatch giving particulars ot the distinelivc nuinticr, 
tare, seals, content, etc., of each cask, 'the operation of denaturing was superin¬ 
tended by two Revenue ofiicials, whoso attendance has, as usual, to be paid tor by 
tlie methylator. The first duty of the.se officers is to sec the ea.sks weighed. The 
weigfiing macfiinc was situated just outside tlie room provided for the officers, who, 
after te.sling the weights, watched the weighing operation fnim inside. As each 
cask was rolleti on to the machine, an employf' ot the methylator called out its dis¬ 
tinctive number, tare, and gros.s weight to the nearest half kilogiam. The casks 
were not gauged on the methylating premises, the quantity of spiiit being ascer¬ 
tained from its weight and strength alone. 

The operation of weighing was performed in a remarkably expeditious manner, 
the wiiole of the twenty-eight easks lieing weighed in afioiit twenty-five minutes. 

For the subsequent operations, the casks are arranged in rows—tnings upwards. 
The Revenue officers first proceed to verify the seals, passing one on each side along 
the rows, and assuring them.selves that the seals of each ca.sk are ini act and corre- 
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spond in number and position with the entries on the despatch. An employti of the 
methylator follows them, and, as each set of seals is checked, knocks off the seal 
and Revenue fastening over the bung-hole and withdraws the bung in readiness 
for sampling. 

Tile spirit in each cask is next roused by a wooden rod inserted through the 
bung-liole, to ensure that the spirit shall lie of unifonn strength throughout. A 
sample is then taken from each cask, and its temperature and apparent strength 
ascertained by the alcoholometer. The standard strength is tlien deduced by tlie 
help of tallies. Tlio alcolioloinetcr is provided by the methylafor at liis own ex¬ 
pense; and each instrument must be officially tested before it is brought into use. 

The Revenue ollicers having completed their check, and determined the content 
of each cask in terms of 100 per cent. alcohol, the (piantity of denaturing mixture 
recpiisitc for each cask is calcnlafcd. 

The denaturing mixtui-c, consisting of four parts of wood-naphtha to one part of 
pyridine bases, is received in iron drums, ready mixed, from the factory where it is 
prepared, in this case the factory al Furstiuiwalde, which we subsequently visited. 
The drums are kept under Revenue seal, and may only be opened in the presence 
of a Revenue officer. The quanf ify of denaturanf. required for each cask is drawn 
off in a graduated can and emptied into the cask through the bung-hole. The 
Revenue ollicers keep a running account of the quantity drawn off from the store 
drum, from time to time, on a laliel attached to the drum. 

Alter the addition of the dcnalurant, the Revenue ollicers must satisfy them¬ 
selves that a thorough mi.vlurc of the .spirit and denaturant is effected by stirring 
with a woollen rod, or by rolling the ca.sk aboul.; and the denatured spirit is then 
free from further Revenue control. 

,\s the time at our dis|iosal was limited, we did not wait to see the whole of the 
twciitv-ciidit casks denatured; but we were informed that the wdiole operation 
would priiiialily be completed in some three to four hours from its commencement. 
We have already remarkeil on the e.xpeditious manner in which the casks Vere 
weighed; anil we were also struck by tlie methodical and systematic w'ay in which 
the CiVsks were arranged in rows, after weighing, for the subsi'qui nt operations. 
A considerable saving of time is, of course, effected by not gauging the contents of 
the casks; Imt in regard to the salient feature in which the operation we have 
de.scribed’iliffers from a methylalion in this country, viz., the fact that, the spirit 
is denatured in the casks I hcmselves, instead of being emptied ml o .a vat and there 
mixed with the denaturant, wc were given to understand that this is nol regarded 
as savinir an appreciable amount of lime in the orier.al.ion of denatiirnig. Ihe 
method has obvious advantages when it is intended to send out the denatured 
spirit in cask- but we were not suniri.scd to hear that, when the spirit is intended 
for iKiltling, and especially when very large quantities are denatured at one time 
the methylator prefers to pump f.he spirit from the ca.sk.s into a vat or tank and atld 

the denaturing mixt lire there. _ 

before leaving the premises, wc paid a .short visit to the bottling-room, where a 
staff Of some twent v or thirty men and women, assisted by the latestlabour-savmg 
maehinery, were engaged in washing, filling, lalielling, and stoppering the bottles 
in whieh 'i.he spirit is sent out for sale by retail. Each bottle contains one litre, 
and the prlc- at which it is sold is indicated on the label. T his price i.s fixed from 
time to time by the Cent rale, and is at present forty pfennigs per litre the present 
price is, however, abnormally high. In ordinary times, we gathered that it ranges 
from twenty to twenty-live pfennigs. 


Section 4. 

PAarwacetdfeal Products—Fine Chemicals, 

As is well known, Germany has long enjoyed a pre-eminence in the manufacture 
of the products classed generically as “fine” chemicals, in contradustinction tor 
“heavy” chemicals such as the mineral acids, alkalis, bleaching powder, alum, etc., 
mainly inoreanic substances, whieh hitherto have been the chief staple chemical 
products of this country. Germany too has made almost exclusively the now 
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numerous pharmaceutical products, which are definite organic compounds, often 
of complicated chemical constitution, largely obtained by .synthetic processes and 
which may lie said to depend upon the industrial application of the laboratory 

nrocesses and methods of modern organic research. • , , 

^ A..U ;. .s.wixr Jr, 4i,ic tliftf. fhiH r)ro-t*!nin(*nco is larcelv. if not 


it was of ^rvnl iinriortanco to our inijuiry to obtain trustwortliy first-Iiand informa¬ 
tion o:i (lie subject. ... , 1 n-n n/r 1 • 

We accordingly solicited pennission to visit the oslablishnicnls of L. Mcrk in 
Darmstadl, and of the Cliemisclic Fabrik Aiif Actien (Vorm. F. Sehering) at Herlin, 
selecting these as among tlie most representative and most eompreliensive iiianu- 
faetories of tliese particular class(w of jiroUiicts, and to have the opportunity of 
coiilerring witli lliosc resiionsilile for tlieir direction and management. Uotb 
faclorie.s have a world-wide reputation and liave branch liousos or agencies in 
almo.st every country in both liemispberes. 

Permission was readily granted in each ease, and every facility was alTorded to 
us to acquire information on the special subject of our inipiiry and to see operations 
involving tlie ii.se of alcohol, its eii.stody and control, nielbods of denaturing, proc¬ 
esses of recovery, Kevemie eliceks, etc. We cannot too gratefully aeknoaledge 
tlie courtesy with wliieli we were received, the readiness willi wliii'li sui'li infonna- 
tion as we eoiihl rcasoualily ask for was given, and (be fns-dom willi wbieli illustra¬ 
tive or t.ypieal processes, some of tliem unirpie, were e.vbiliiled and explained. 

Whilst at Herlin we were invited by Dr. Hottinger of tlie well-known Rayei 
Company to visit the newly-erected factory at. Dwerkii.sen, but as we were at tin 
same time informed that they do not use or denature any spirit ill l.ererkuseu. w( 
were reluetaiilly obliged, on account of the sliorl time at. our dispo.saI, to declini 
the opportimily of seeing what Professor Witt described as tlie liest appointed work.' 
oi the kind in liermany. . 

At the Cbarlottenlmrg braneli of the Cbcmisebe I'alirik Anf Aelien (\orm. h 
.Scliering), which we visited first, we were received liy-1)'. O. Ant rick. Hy .arrange- 
me.'it w iili t he eoinpany, we so timed our visit as to be able to wit ness a denaturing 
operation on the large scale, having k'arnial from Dr. Antriek that sucli an opera¬ 
tion bad been arranged for prior to our apidicalion. , 

The deiiatiirant mainlv in u.se in this laetory is animal oil, wbieli is mixed umlei 
the dimetion of tlie Ueveime oltieers, in the proportion reipiired by the regulations 
'i'lic .sample of the lione-oil used must lie of the cliaraeter oilieially prescribed. It ii 
received at the works under revenue .setd, aeeom])amed by aei'rtificaie of its valitlili 
from a sworn rbemi.st,, recognised liy flic revenue aiilborif ies. 'I’he only ol her dena 
turant employed in this works is ellier, wbieli is admi.xed under tlii' direction of flu 
Hevemie ollieers to tlie extnet of 10 per cent. The ether employed imi.st be eerlifiei 

to be of the olbeial eliarai-ter before addil inn. 

All expcn.ses of mcfbylalion, not only the eo.st of the denatiiranfs t hemselves bu 
the fee for the eliemists’ analyses .and eertificat-es, as well as tlie eliarges for tin 
altendanee of the officer, Ibc e'ost of handling, mixing, pumping, etc., am liorne b; 
tlie manufacturers, who ari' reiiuired to fiirni.sli the gauge glas.ses, siami!irdi.se( 
hvdromelers weighing niacliines, mixing maebines, mixing rods, olliee furniture 
in fact everything needed to carry out the process as iirescribcd, witliout cliarge ti 


the StulC. . , , . 1 r rv\ 

] > 000 hectolitres of alcohol arc employed m the course of a year. 1 lie proper 
tion of etlier alcohol to bone-oil aleoliol u.sed is roughly as 2 to 7. No diily-fre 

pure alcohol is allowed. . mt. , i 

The denaturing operation we actually witnessed was with ether. I he aleolic 
as received was contained in sealed iron puncheons or drums, eacli of which, afto 
inspection of the validity of the seal, was w'eighed,the wcigliing machine lieing s 
nljK'ed tliJii the Revenue officers seated at a taldc‘, within tlie buildinp;_m whic 
tlie alcohol was to ho subsequently stored, eouhl readily clieck the weights an 
conip.am them with the particulars on the despatches. '1 be strength of the aleolic 
was tlicn ascertained by the alcobolomel-er, the t.-rnperature noted, and the neces 
sary corrections made, as indicated in the official tables. After the officers ha 
verified the particulars, tlie alcohol was pumped or forced by compressed air int 
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the atore-receivers, iron tanks of known capacity secured with locks and provided 
with gauges; the calculated quantity of ether was then added and the mixture 
thoroughly stirred by mechanical means. Formerly the admixture was made by a 
stream of compressed air, but this led to so large a loss of ether by volatilisation 
that mechanical stirring is now preferred. The room in which the various tanks 
of denatuivd alcohol are contained is a specially constructed and well-arranged 
building, and all precautions are taken to avoid any illicit use of the spirit, 'the 
users of the alcohol are reciuired to keep an account of sueceaaive withdrawals, and 
each department and branch factory must also keep an account of receipt and 
expenditure ou a prescribed form. These accounts are from time to lime examined 
and verilied by the Revenue officers, who rei’ord the dates of their visits and afiix 
their signat ures. 

The amount of clerical work needoii, and the system of verification and control 
in force, struck ns as greater and more detailed than Unglish users of alcohol under 
the 1!I0‘2 regulations have liitlierlo been subjected to. Dr. Antrick considered, 
however, that in a works of the magnitude and eliaraeter of Seliering s, the system 
was not loo irksome, and they had little ditbeiilty in complying with the official 
requirements, although he admitted that in smaller works there were occasiona! 
coniidainis of the rigour of the sy.steni. We hail fnrtlier an o()porlunity of witnesi- 
iiig ofieralions in whieb the denatured spirit was employed and partially recovered, 
and wo .saw the method of recovery and reetilication of the alcohol in actual use. 
We wt're also shown how the recoviui'd alcohol was stored, brought to account., and 
how the iii'ce.ssary re-denaturing wa.s elleeted. 

The faeloiy of K. Meick, of Darmstadt, is now situated in ni'w premises m the 
Frankfurter St rasse, some distance out side t he t own. 11 is an old-established busi¬ 
ness, and is umler the direction of lour grandsons of tic original founder. It may 
be said I o have developed out of the ohl jiharinaey of t lie same nans' in Darmstadt, 
whicli has existed for nearly two centuries and which is still maintained by the firm. 

Tliejiew works, which are still in process of living finished as regarils approaches 
and certain internal arrangements, are among the mo.st complete and best, apjiointed 
of thfir kind in the woild. ’Ihey consist of a number of detached anil sfecially 
planned laetories, uniler individual control and with sjiecial staff.s of e.iemists and 
workmen, togetlier occupying a very large area of ground, with convenient rail¬ 
way aece.',. from .\rheilgen on the Main-Neckar line. 1 ,-00 workmen are emjiloyed 
and -’00 clerks and chemi.sts. 'The firm deals in ujnvards of ti.OOO products, :5,()f)0 
of which are 'iiade ujion these iiremises. There are branch maiiufaeturing estali- 
lishments in Moscow and in New York. In the latter no preparation mvolvin,g 


the u.se of alcohol is made. i j 

All the denaluranl.s allowed by the regulations, including the special ones used 
in the manufacture of iodoform, chloroform and ethyl bromide, are employed, ilie 
official eompletelv denatured alcohol, eoutaining wood-naphtha and pyridine bases, 
is used, but not for many purposes and only in smidl ipiantities In all aliout luu,- 
000 kilo.s of alcohol are denatured annually, in addition to which large quantities of 
duty-naid spirit am used, over which there is no official control llic use of pure, 
alcohol without duty is not allowed. No precise estimate could be given, at the 
time, of the numlx'r of the 0,000 products which needed alcohol, but two of the 
partners, ieeluding the head of the actual factory management, agreed that it could 
not exceed 20 per cent. 'I’he value of the alcohol used, as coinpared with the value 
of the fini.slied products, could not at once be ascertained; it,of courre, vanes largely 
with the different products, but was jirobably not more than from l.i to-0 per cenD 
Special methods are employed for removing the last traces of the dcimturants from 
the finished products, some of which were described to us. Owing to the number of 
denaturants allowed no jiartieular difficulty seems to occur in this respect, although 
in some cases duty-paid alcohol must lie employed It may here Ije stated that t e 
prinei 'le of ad koc denatiiration is not regarded with favour by the Kcvtnui 

officials, and in many eases the privilege of employing it has withdrawn. 

We inspcctifd the spirit stores and inquired into the methods of custody, control 
and distribution of the duty-free alcohol, and we had also the opportunity of witness¬ 
ing a denaturing operation. The method, in principle, was preeimly similar to that 
we had seen at Qiarlottcnbuig, although the arrangements for the convenience of 
the Revenue officials were slightly different. These officers arc required to attend 
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for denaturing about twice a wc«*k. The cost of attendance is about 6 marks per 
oJHccr per day—say 21 marks a week. Sometimes, however, a third officer is re¬ 
quired. 'rhe cost of this attendance is considered of less coiiw^quence than the 
troulde it involves. We were informed that the pres(‘nt price of Prima aj)irit ia 
()7 marks per 10(1 kilos (=2s. 2d. per bulk gallon), wliich d()<*s not include th(‘ vat 
tax, l)ut includes the distillery tax, which amounts to 7.1(> marks per 10(1 kilos. 
For inirposes of rebate, a running account is k(‘pt and tlie payments are made about 
evrry tlm*e months. No export business involving drawbacks on exportation is 
doiK* a( Darmstadt. 

We ins{)ected some of tin* control books relating to alcohol in the separate fjic- 
tcries. The superintending chemist in cliaigc of each department is personally 
res[)onsible for the* accuracy of the eontTol book, and for the proper use of the spirit 
served out to him. 

As regards e'ther, we weTe infomied that this article may not be retailed, except 
when made from duty-paid spirit. A pharmacist may otdy rectuve it under permit, 
and may not sell it for medicinal jiurposes, unless prescribed by a ])hysician. This 
procedure.'is adopted with a view of stopping tlie practice of drinking ctlier as an 
int oxieant. 

In hosf)itals. etlier may, by spe'cial ponnission, be used duty free for uiuesthe'tical 
imrimse's, and its use; is also permitted, duty frc'c, in the laboratories of those c'duea- 
tional iuslituiions which an* allowed to use* duty-fn'e* alcohol. 

Afte'r liaving had the advantage* of discussing this as])e'ct of the ge'iicral eiucstion 
with many persons well epialificd tocxfjre'ss an opiniem, we* have little* doul)t tliat the 
pre.*-e*nunence of (icrmany, in the*so y>articular l)ranclies e)f npplie'd eli(‘mistry, is duo 
to llie* same causes which have contribute'd to lu‘r succe'ss in the* so-e-allcel coal tar 
colour industry. Alcohol in lliat industry has playe*d at most a ve-ry subordinate 
part in its development, and altliougb it is true that it i lays a relative*ly much 
more* im|)ortant })art in llie* maiieifactun' e)l “fine” che‘micals and of i>harmacou1 ical 
products, the extraordinary de‘vele)pme*nt in (Icrmany, whicli lias oceurre*(i during 
the la.st lilte*e‘n or < w'(*nty years, in tlie discove'ry and utilisation in me*dicine of syn¬ 
thetic eirganic substance's, is primarily due to the influe'iice ol llie* seheiols of rhein- 
islry, to tbc ardour and sue’e‘e*ss with wliicb organic clie'inistry in its high(*.'^t develop¬ 
ments is cultivate*d, and te> tlie skill, energy and resoure*e*fuliie*ss witli wliiedi it. is 
Bouglit to turn the results of inv(*stigation to imme*eliate practical ae*count. 'I'lie 
same conditions which have* led to tiie synllie*sis and luanufae-ture of alizarin and 
indigo -two of the most impe>rtant ve'ge'table dye*stuffs, but which, like* the great 
group of (he azo colouring iiiatte*rs, re*nuin* little* or no alcoheil for their i)rodue’tion 
—have eepially led to the* discove'ry and cemime'reial ]iroduction of the long list 
of organic products of definite composition, but of complicated constitution, w-hich 
under a varie'ty of names, mon* or less fancitul, fiiiel an applii’ation, more or less 
pcrniane'nt, in tborafu'utics. It is easy to trace how the growth of sucli a business 
as that of Me'rck is the direct outen.mic of ilio extraordinary deve'Iopmeiit eif e*liem- 
istry, due to the genius and influence* of Idebig, Wulder,aiiel Bunsen, and their con¬ 
temporaries and irnmediat'' succe*ssors. 

The'si* men made CJerniany the nurse'ry of ehemists; their inlhienee* led to a great 
extension of lalioratories and of lal)oratory training, not einly ameuig tiie CJerman 
universities, hut gradually in cve*ry academie* (*(*ntre throughout the world. Tho 
elder Merck was quick to fake aelvantage eif Ids ojiportunity. A pharmacist of the 
old sciiool, who made the greater number of t.lie* preidue'ts in which he dealt, and an 
experienced operative chemLst, well versed in all the chemieal methods of his time, 
he was ready to undertake the manufacture; of the various rc'agc'nt.s—tlie so-called 
fine chemicals and the materials for research—wdiich the rapidly multiplying labora¬ 
tories in Germany needed. 


Skction 5. 

Agricullural Distilleries: Marienjclde. 

Finding that there was in the neighbourhood of Berlin an example of an agricul¬ 
tural distdllery. wo took advantage of the opportunity and paid a visit to it. 

It was sit uated at Marionfelde, some ten miles to the soutli of Berlin, on a large 
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and apparently very flourishing farm. The distillery was at work, and we were 
enabled tliercfore to study the systeii\,in opt'ration. 

The procc<lure is fis tollows: 

The notatoos (which must bo produced on flie lami of the proprietor) are first, 
washed by maiduneiy. 'I'Jiey are tlien steamed and jiulped, and driven through a 
strainer itito the masa-tiin wlierc tliey are mixed with a small piTcmitJige of malt. 
The wort is tlicn jiassed into the fermenting vats. Kaeh vat is gauged, and its con¬ 
tent marked on tlu^ outside, together with the number of tlie vat. ’The wash is 
left to ferment for tliiny hours, and is then conveyed to ilm slill, whicli is of the 
patent-still type. On issuing Iroin flu* eondiuiMT the spirit passi's first through a 
domed glass cas<? in which is a eup. In this eup, into which, the spirit flows'and 
from whicli it overflows, thiwi* float a thiu'iiiometer and a liyilrometer, to indicate 
the strength of the spirit passing, l-’rom this apparatus Uw .spirit flow.s into a 
(Siemens) meter, fitt(*d wil.fi an indicator which r(M*ords the cjuantity, reilucod to 
the .standard of pure alcohol, oi spirit transmitted, and from the meter the spirit 
passes on to the reem’vor. 

The syst.em of control does not require the continuous attendance of Excise 
officers, but is compounded ol— 

(1) Mechanical contrivances, 

(2) Book entries, 

(Ij) Liability to visitation at any time. 


(1) Mechanical Contni'anrca. 

T^p to the point at which th(* wash passt's into the still,these are limited to the 
gauging of the vats and to the plumbing under Ib'venue seal of all joints of the 
pipe.s leading from the vats to the still. From that point onwards to the receiver 
(‘very vessi^l is locked and .s(>al(‘d, tind no ace(‘s,s to the* sj)irit can be obtain(‘<l by 
the distifler. As the managere\q)R*s.sed it to us, “(Ip to this point I am treaU'd as 
an hoyest man. Afterwards I am no longer tnisted.” 

in the smaller (listilhwics llie meter, wliich no doul)t is an exnensive apparatus, 
i>' dispiuised with, and (he (piantity of .spirit distilled is ascertained by the Excise 
officer from the r(‘C(‘ivor. Wlu't her t lu're bo a muter or not, the receivc'r is of course 
under lock, and is not acces.sibl(5 to th(‘ (li.stiil(‘r. 


(2) Hook Entries. 

The regulations recpiire entry of f.be (piant it v (if materials used. But wo under¬ 
stood that this was roganh'd as of little practical vahu'.and that little attention was 
paid to such records. Jt i.s manifest that they eaunot be suscejitible of any xval 
clu'ck. 

'rh(‘ imponani, entries an* those of tlu* times of charging and discharging the 
several fermenting v.ats, and of tin* (|uantitii‘s of wash in each. The.so entri(*s can 
of courw* b(> ch(“cki'd sigainst the spirit found in the r(*cciv('r, and on them Is com¬ 
puted tlu vat-tax and the distillery tax, which have to Ik* ]>aid by the distiller. 


(If) lAabiliiy to Visitation, 

It will be soon that the control under (1) and (2) provi(li*.s no security against 
abstraettion of w.ash from tlic fermenting vats. Visitation at freipieut and uncertain 
intervals would seem to lie an es.sential feature* of the sy.sti'ui. and \\v gathered that 
at Marionfelde the* visits of Excise officers were even unpleasant ly freepient. Whet her 
they are so in more n*moie distill(*ries may be open to doubt. 

Jn any case we are of opinion that the sy.stem of control msts so lieavily upon 
confidence that, whih* it may be satisfactory wifli a low duty on .spirits and with a 
^stem ot rebates of duty tiiat makes the Excisi* a source of profit to the smaller 
distiller, it could not safely lx* adopt(*d whom the duty is as higli as it is in the Unit(Kl 
Kingdom and invariable in its incidence. 

The distillery at Marionfelde is one of the best and largest type of argicultursl 
distilleries. Its “contingent” is 000 hc(*toIitres jxt annum, or about 211,000 proof 
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pallons of spirit. Out of the total mimljer of agricultural distilleries in the German 
Emj)iit* there ar(i not more than some 2,000 or 11,000 of similar size and character. 

Tlie vast majority of the agriculturjil distillerie.s arc to he lound in the eastern 
provinces of I'russia and Saxony, when; th(‘ soil is poor, and ilie cost of conveying 
agricultural y)roduce to a rcmiiiierativ<! market is high; and it is not (juitc clear to 
us how it can he eomniercialiy prolitahh' on a fiTtih' farm elosc* to Berlin to convert 
jiotatoes into spirit. The manager informe<l us t hat in tlie pres(*nt year, even witli 
the aluiormally high price of spirit, he would realise on his petalo(‘s used for disl illa- 
lion no more than from £2 to £2 5s. ])<*r ton, whcrea.s if sold fur eon.sumption as 
p(»ta!<M‘s. they would realise souk* Cl perlon. He was, !iow<*v(‘r, compelled louse 
1 hem in t he <Iisl illery, in order to maintain lus “eont ingent/' which might he reduced 
if he should iail in any season lo reacii his pivscrilied production <if (iOO hectolitres. 
Moreover we douht whether the above figure of ivturn on the potatws included the 
bonus of 20 marks (Cl) p<‘r hectolitre (ui the amount of the contingent. Tliis would 
he e(|ual to mor(‘ than another Cl per ton for the ])otaloes us(‘d. 

We think the explanat ion of the mainlenauee ol this dist illery is that it is kept 
up !(► some e\l<‘nt as a coiivenuuil object lesson in the neighlxuirhood oi Berlin, tor 
the inslnietion of I'Aciso o!he<'r.s. and lo illustrate the leaching at the Institul lur 
Galirungsgewerhe und >Starkt‘-fal>rikalion m Ik'rlin, an institution established by 
the track's, with assist aiice from tla* f loveriunent, lor the purpose^ ol giving instrne- 
ti(m in hnwving, distilling, and other processes in whi<*li h'riuentalion is 4‘inployed. 

We wen* inloriin'd that in normal y<'ars ilu* return frcmi polal<M's used in the 
agrieulturul (listillerks does not exceed some 25s. |M'r Ion (exelnsivi' presumaljly of 
bonuses), and in many eases is less. 'J'lu* averag<‘ is about 2(ls. jier ton. 

The yadd of alcohol from a ton o| potatoes may be taken at about 25 gallons of 
pure alcohol, or about 41 jiroof gallons. 


SE(’T10.\’ h. 

Vitwjnr I'mionj. 

W(* visited a large ostablishnu-nt m Ik'rlin for the manufacture of vinegar from 
alcohol, oiH‘ of sf‘V('ral worki'il by the same pnijudetors (Messrs. Kiihiie) in dilT(‘rcnt 
parts ol till' Empire. 

The process i.s (‘\eee<lingly simpk'. 'I’lie spirit, after the aeeouni lias been taken 
in tlu' usual way by the Iaci.so oflieers, is poured, togetlu'r with tiie ))n‘scribed 
(juantities of vinegar and whaler, through a .scujiyier in the jiavemenl of the receiving 
door into tauk-sin the basement. From these tlie mixture is puiujied up to llie top¬ 
most floor of a liigh buihling, whence it jiercolates down through a .series of vatw, 
floor by floor, filled witli wood shavings and containing the food lor the organisms 
which effect the conver.sion, and arranged so as to secure the ma.ximum of exposure 
of the Ii(juid to the air. The li<|uid finally returns to thi' basement in the form of 
the finished jiroduct (vin ‘gar), the wliole circuit occupying nut more than three or 
four hours. 

'i’iie (juantity of vinegar yiroduced of the stn'ngtli of 7 }K*r cent, of acetic acid 
is about 10 times the (juant ity of aleoliol uw'd. 

There is a loss of some 110 per cent. of tlu' alcohol by evaporation. 

in this industry the control ov(‘r the sfiirit. employed is le.ss exact,ing than in the 
case of any other industry in t i(*rmany. From th(‘ t inic when the spirit is denatured 
no furt,her control is (‘xercised over it. No books have to be kej)t to show how it 
has been dispos'd of, or what the yield of vinc'gar has lH*en; nor is theixi any ifgular 
visitation of the manufacturing premises by tlie Excise oflic<‘rs. 4'h(‘ one and only 
regulation impo.s('d for the protection of tlie Revenue is a prohibition against keej)- 
ing a still on the premises. It is true that the condition of the denatured spirit is 
such t hat there need be no apprelu-nsion of its being drunk on tlie promises or with¬ 
out ymrifieation. But even so, the system of control seems dangerously confiding, 
and the anthoniios of tlie Treasury frankly admitted that it could not be juatifiw 
in principle. 

'I’he (lovernnu'nt, however, havi' liecm nductant to disturb it; partly because it 
is of long standing, and is not fielieved to lead to abu.se in practice, but principally 
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because this process of vinegar making can even now with difficulty hold its own 
against the proco.ss of manufacture from pyroligneous acid, and because it is feared 
tliat any curtailment of the present privileges oi tlie industry would seriously en- 
danger its very existence. 

It is, however, felt that if at any time the duly on spirits should bo raised in 
(icrniany il. would lie liardly po.ssible to mainlaiu llie lueseut system of control 
witliont modification. 

Tn those* eirnimslancoK it scorns highly improhahlo tiiat tlio process, whic}) is at 
present not practised in tlie United Jviiigdoni, could witli advantage he introduced 
)n(<» this country. 

The (puinlity of spirit used for tlw* manufacture of vinegar in the tlerman Empire 
was. for tlie y(‘ar lOOh, over ti.tKK),()0() lu-ooi gallons. 

'I’he quantity UK(*d in tlie factory we visited is ahouf 1.50,000 proof gallons. 


Skctiox 7. 

A (trrmtui Mrihi/talimj Vuclori /: FurHienirahJe 

Muf*!!, if not the greater port ion, of the part iallyilenatured spirit used hy flcrman 
manulacl urers is denatured in the works in wliicli it is iwl iially employi'd. and this 
is invariahly the case where the volunu* of spirit handli'd is large. Owing, liow- 
ever, to the iact that the Ireiglit-cliarges on pure alcohol are iiiglier than on the 
denat nred spirit —a tlilTeience wlncli tlie (lerman ehemical nianutactnrcrs are strug¬ 
gling to n'lnove—and to otlier eircumstances, arrangi'tneiits are nuuh* wlicreliy 
maimtactun'rs riMpniiiig only a relatively small f|uantiiy ot denatured spirit, either 
complete or ])artial, may olKam it iioui prolessed ineiliylators, working under 
Revenue supervision. 

At tlie suggestion of Dr. Koroulier and ])i. vmi Biiclika, wlio were kind etiougli 
to accompany ns, we \isil(“fl sucli an cstahlislmu'nt at Kiirsienwalde, a town on flic 
Spre“,about thirty miles soullw'ast oi Ikulin, and witliin (‘asy railway coimuunica- 
lion ol {lie dist riel of 1‘osen where much ol the agricull ura! spirit is made. 

\V<* wt'n* rei’i ivtal liy the ]>roi'rietor.s ol tlie eslalilisliinenl, Drs. Ik Meeker and 
W. /eidle*’, OTK' of whom imuh* up for ns, in turn, every form of denatured aleoliol 
which tlie regulalions pi‘rmitled the linn to pie])ai'c. The origin, character and 
Bouri'csfif supply ol eacli denat urant w(*re ilcsci lhe<t to us, and samples of the various 
articles, odici.illy eeilifk-d to he in coiilormily with t he jireserihed na! un*, were shown 
to us. 

The wood-naplitha used for denat uring eoiitains much less methyl alcohol than 
is customary in this count it; as a rule, tlie quantity does not exceed 5.') ju'r cent. 
On the other liand, the regulations prescribed that it must contain at. least 27) per 
cent, of aceiime—a ri'lalixi'ly expensixe substance, probably not so ustdul as an 
indiealivi' or “<‘arniarkmg’’ material as methyl aleoliol, and, as wo are given to 
umh*rstan<l, seniwvhal prejudicial to tlie use of wood-nai»hlha and of methylated 
spirit in certain manufacturing operations. 

Till* ‘‘pyridine l)as(*s” emiiloyed come largely from ICngland, altliough other 
sources of supply are availalile. 'I'he priet*, owing to the increasing demand for 
these* siilistanecs as the raw material for tlie mannlacture of a numlH*r of special 
products, lias risen considi'rahly of late, and alt hough used in only ri'latively small 
quantity, and for the most {lart in connection with tin* completely denatured spirit 
inton<i(*d for heal ing, Hgliting and ])ow(*r, this increase in price is lx*ginning to l>e 
felt. Considering the conqiarat ively high {uices of spirit in (l(*rmany at tlie ])reRont 
time, and the eonst*quent n'strietion in the demand for^(‘neral or household purposes, 
xvhi(!li is iiy far the largest outlet for indii.strial spirit in that country, any cheaficn- 
ing of tlie cost of denaturing becomes a mat ter for s(‘rious consideration. 

n’he addition of lavender or rost*mary oil, which is optional, and to l.he extent of 
0.12.5 per cent., to the completely denat iircd s]urit is seidom made. <*xcppt for special 
purpo.s<is, us in soao-makmg. ^I’lds addition was originally suggested to meet a 
possible popular yirejudii’c against the use of <U‘natur(‘d spirit in Imuseliolds, owing 
to tlie pungent snn*!! of the pyridim* bases. The pndudice, if it ever existed, appar¬ 
ently no longer obtains, although it must, he stated that the German methylated 
spirit is far more disagreeable, as regards smell, than that in eoininon use in England. 
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The Fiirstenwaldc Works mix considerable quantities of the general denaturanr 
—tliat is tlio mixt ure of four parts of wood-napht lia and oiic part of pyridine bases 
—and whicli as already stated is added to (lie spirit in the proportion of 2^ litres 
to every 1(X) litres of alcoliol. The voliinio of the mixed dcnatiirant made per 
annimi is at prestmt 800,000 litres—which is about one-third of the whole made in 
(lerinany. 

We saw the operat ion of preparing the mixture. The wood-naphtha was received 
in iron drums, the tare of which is known. It is examined and certified as to cliar- 
aeter. 'Die wciglit of tlie wood spirit liaving Ix'en aseertain<*d, by tlie arrang(‘- 
inenls and in the manner already described, the recpiisite proportion of authenti¬ 
cated pyridine lia^e contained in carboys is eal<‘ulated, and that amount is weighed 
out. 'riic wood-naphtl>a is tlien poured into a tank, and forced hy air pressure 
into the receiver, alter wliieh tlie “pyridine liase” is added. 

Tlie denat uring solut ion is (list ributed in drums, sealed by tbo Revenue aut hor¬ 
ities and liearing labels certifying that the mixt ure is in aeeordanee with law. The 
drums when n'ceived by the consign(*e can only be unsealed liy a Revenue Officer. A 
running account is then kept on an attached laliel on each drum of the successive 
quantities withdrawn lor denaturing jmrposc's. 


Section 8. 

Artificial Silk Farlori/. 

By the conrto.sy of Dr. Bottler, whom we un't in Ihwlin, and who is managing 
director of an artilicial silk factory at .luhch, near C’ologne, we were enabled to pay 
a visit to that estalilishnient. 

In the process followed in this easi* alcohol plays a very inifiortant part, seeing 
tliat sonu‘lhing like a gallon and a lialf of ])roof spirit is recpiired, eilluT in the form 
ot etberorof spirit, to pr<Mluce 1 lb. of tlie finished ju-oduet. 

The process is as follows: 

Nit ro-<‘ellulose is djssolv(‘d In a mixture of ether and alcohol, eon.sisling of sixty 
parts of <‘tlier and forty of alcohol, and the solution thus ohtaiiK'd, wliicli is in effect 
collodion, is after filtration driven under pressure, until it finally emerges, through 
a nunilier of fine glass tubes. On contact willi tlie air tlie solution solidifk^s and 
the tlireads thus foniied an* picked up on bobbins, sixteen of the primary threads 
being immediately twist(*d into a single tliread which U'comes the unit for further 
operat ions. 

The ether used in the factory is purehascal from outside, not manufactured on 
tlio spot. 

'I'iie alcohol comes in under Excise seal in the usual way, and is denatured in 
a<‘cordance witli tJie n*gulalions hy being mix(‘d with 10 per cent, of ether. The 
denaturing is earru'd out in the presence of the Hevemn* offic<‘rs and under tlicir 
supervision. The denatured spirit is stored in a metal tank, under Kevomio lock 
and fitted with an indicator outside showing the quantity^.iresc'iit in it. 

C)opper-zine Y(‘ssejs are usfid, in preference to iron, to avoid injury to the ethcred 
alcohol from corrosion. 

From the tank tin* denat ur(*d spirit, wlien required for use, passes through closed 
pipes to tlie v(‘ss(‘l in which the iiitro-eelhilose is dissolved—tlie additional ether 
reijuired being addiMl at this point. \\'hile in the dissolving chamber the spirit is. 
not aecessilile to tlie workmen (‘iiqiloyi'd in th(' factory; and speaking ceiierally 
we should say that the conditions of this niannfaeture lend thomsidves to the estab¬ 
lishment, witliout niucli cost or ditficulty, of an effective control over the spirit 
cmfiloyed. 

We may mention that Dr. Bottler informed ns tliat very great difficulties had 
been met. with in jierfeeting the proc(‘ss of manufaeiure, and fliat although the 
factory liad Iwui in operation for over two years, it was only witliin the ten days 
preceding our visit tliat lu* wa.s uliK* to f(‘el confi(h*nt, that all the difficulties had been 
overcome. Into those difficulties the obligations in respi'ct of denaturing did not 
enter, and the experience of this factory is sutfieient to sliow that the embarrass¬ 
ments which attended a similar experiment made some years ago at Coventry, 
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and which were there attributed to tlie character of the methylated spirit that the 
promoters were compelled to use, may arise Irom more causes than one. 

Section 9. 

Production and Pnee of Spirit in Oermany. 

The production of spirit in Germany is a State-aided enterprise, of which the 
primary purpose is not so mueh the production of spirit on economic lines as the 
encouragement of agriculture in the less fertile provinces ot tlie Empire, which lie 
on its Esistcrn frontiers, and in whicli the conditions of soil and climate are so unla- 
vbrable t hat without some such encouragement the country would l)e in serious dan¬ 
ger of depopulation. 

To cuter into the history and details of the system, interesting though they be, 
would be to go beyond tlic province ot our inquiry. W<i shall, therefore, confine 
our attention as closely as wc can to tlie two })oints which arc of interest to our 
Gommittee, viz.: the elTect of the system on the price of spirit for industrial pur¬ 
poses and its (died upon the price of spirit tor export. 

The system is ess(uitially communistic in character, and its eticcts can be lietter 
seen by studying its results broadly and as a whole, rather tlian by attempting to 
trace its iuflueiKje upon the intesrests of individuals. 

Looking at it from this point of view, it may be said that the fundamental prin¬ 
ciple of the s(^heme is to make lliosii interested in ih(; production of ah'ohol sharers 
with the iState in the revonue colkiclcd on spirit used for pot alilc imrposcs. 

Thus in the year cridcul on i^Oth Scjitemlicr, 1903, tlicre was collected from the 
taxes on spirit a total sum ol ,£10,000,000, out of which a sum of £3,100,000 was 
given back to persons inten^sted in the trade. But ot tliis sum of £3,100,000 appar- 
eiit.ly some £700,000 had beem already levied as lax on the produecM-s, so that their 
net subvention would be £2,400,000. In tlie same year the total prixluction of 
spirit in G( rmany was in round figures £132,000,000 proof gallons, and accordingly 
tlietStato > ibvcntion in f.hat year represented a !>onus ol nearly 4id. per proof gallon 
on all the spirit produced. The figures must, oi eoursi^, vary from year to year, 
aircording to the circumstances of production and consumption; but probably not 
very wi lely. 

The question for us is whet her tliis bounty, be it 41d. per gallon or more or less, 
is r(*tained hy the producers or dist ributors, or wliether it goes, in whole or in part, 
to cheapjMi spirit to the eonsum(‘rs. 

Our eonelusHm is that as a rul(‘ it is retained by the producers in respect of all 
spirit consumed in Germany, and tliat only under certain circumstances do the 
Gcnnaii users of sjiirit secure sliare in it. 

We will endiiavour sliorlly to give the gr(^ands on which we form this conclusion. 

Tlie system of subvent ion, as estalilished in Germany, stimulates production, hut 
at the ..ami* time it provides wiUiin itself an arrest of tlie stimulus after a certain 
measure of prodiu’tion lias lieen reach(*d. For the maximum bounty tliat can bo 
secured in respect of any spirit, and wliich may be put at about lid. per proof gallon, 
is obtainable only in resj^ct of a certain limited output, calk'd the Contingent. The 
total of such output is the equivalent of the amount of sjiirit estimated to be required 
for con.smnntion as drink;—and therefore of tlie amount of spirit on which alone 
tax will Iw ultimately levied; and the Contingent of each distiller is the share annually 
alloted to him of such amount. On tliat share it is possilile, in favourable circim- 
stanees, for a distiller to obtain the maximum bounty of lid. the proof gallon. 
But as soon as his production exceeds this allotted Contiiigent, one portion of the 
bounty, repn^senling about (ki. per proof gallon, automatically ceases, and on the 
excess production the distiller can .at most obtain 5(1. per proof gallon. Only the 
smallest distilleries can obtain the maximum bounty of tliis kind; and as a distillery 
increases in size and output the bount y diminishes unt il with the larger distilleries 
it becomes non-existent. Thus tlio system of subvention gradually ceases to oper¬ 
ate as a stimulant to production, and it may yiorhaps l>c said that the system gives 
no encouragement to pnxluee more tlian such an amount of spirit as is sufficient to 
satisfy the demand for consumption for all purposes wnthin the protected German 
market, and to provide a moderate maigin for stock. 
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Tlio distrilmlion of spirit produced inthcGcnnan Empire ispracticallj' a mon .poly 
of an association called the Ceritrale fur Spirilus Verwerthung, which is representa¬ 
tive ol tlie producers of spirit, and wliicli acts as irjtennediary Uitween them and 
tlu* consumers for IK) per coni, of all ilie si)irit produced. Tlie pojicy of this Asso¬ 
ciation coincides with the Goveriiin(*ii1 al policy in tending to restriction of produc¬ 
tion witlnu tlie liniits above indicated, and m so tar as this policy is successful it is 
dear that, with practically prohibitive dulies on the importation of spirit, the user 
of spirit in Germany is not lik(*ly to Im* able to secure for liiinstdt any portion of the 
beihdit ol the State bounties, lie may only do so to a limited (“.’itent, wlien the 
gcneiai policy of th<’ Stale and of tlie Association is ilefeated by iintorescen varia¬ 
tions either in the supply or in tlie demand ol any period. 

With tli(‘ spirit exfiorted the case is sonu’wliat. dilTerent. For this must fre- 
ijiieiV.ly rcpresc'iit a surplus, of which tiie Association desires to relieve tlie liomc 
maik<‘t; and it may be assumed with sorn<‘ confidence that,, in order to get rid of 
such surplus, a pri<‘e is in tlu' circumstances u.sually accepted w’hich represents a 
transfer to the imreliasiT of a pari, or even of the wlioK', ol tlie Slate bounty. 

Anollier feature of the system in its beaiing u]>on (lie price of s[)irit to German 
users i.s this, that it tends to great lluctnations of price. For tlie general principle 
of the system lieiug to limit production relatively to liome consumjition, no sale- 
guard is [irovided against the eoiiting<*iicy tliat has aiisen tfiis year of a shortage 
in production due to a failiin.' of that which provides four-filtlis of the material 
us(m 1 in distilling, viz.: the potato crop. 

'Flius our conclusion is that (lie < lerman user of spirit is not generally benefit ted 
by tlic State aid given to tlie production of spirit, and at tiim's is injured by it. 

'I’lie e\id(‘iice of facts seems to sujiiiort tlu'se tlieoretical deductions. At the 
present moment, as we were informed by a large user of spiiit, tin; ])riee charged 
for spirit ol th<‘ first (|ualily, sueli as is necessary for the finer ])urposes foi which 
spirit is used, is, free of all duty, 50 marks ]>er fioctolitre —at tlie German standard 
of pure alcohol. At the Bril isli standard of jiroot spirit tliis is approximately equal 
to oOs. per .‘IS proof gallons, or a litth* over Is. ^IVl. ]ier proof gallon. The piiceof 
similar spirit ol British maiiutiictun* m the United Kingdom is about tOd. i>er proof 
gallon. Tliiee years ago the minimum ])nce lor siieli sjurit was in Germany 7d. 
per proof gallon, and the aveiage piici' for tlie year 1002 was Sid. In tlie United 
Kingdom tlie j)riee of Brilisli spirit was tlie same as now. The year 1002 was, 
liowcver, altogetluT an exceptional year in Germany, and nianulacturers liavc 
lit tie expect at ion ol seeing similai prices recur, unl(“ss, as oin* gentlmnan put it to us, 
the (k'n'trale Association should be dissolved and comjielilioii between ])ioducers 
int.rodueed. 

Moreover, in 1902 the Gent rale was pursuing the policy of endeavouring to 
cheapen spirit for industrial purjiosi's by eliarging higher prie(‘s for .spirit used lor 
consumption as drink, and low'er for industrial spirit. This policy has, however, 
broken down, in consequence, we surmise, of a tendency noticeable in Germany, 
as it is in tliis country, to a decrease in eoiisiimption of spirituous liipjors. In conse¬ 
quence of contracts made lor long terms ol years, the policy is still in operation in 
rcsfiect of spirit usimI for industrial locomotives and oIIku* (Uigines. But as the 
cont raetsexpire, it is anticipated that tlie fiolicy will l>e modified, if not abandoned, 
even in this category of eonsiimpl ion. 

It will be seen from the above figures that at the present time the price of indus¬ 
trial spirit in Germany is substantially higlier than it is in the United Kingdom; 
tltat the price is subj(‘Ct to violent fluctuations; and that altlioiigli at (lines it has 
Ixjcn, and proliably wn'll again be, ap[m‘ci:il>ly b(*low the British price, it is doubtful 
whetlier its nonnal level in future will show any very material advantage to the 
German user. 

As regards the cost of denaturing by special agent s, it, is hardly possible to name 
an average figure. In all eases tlie cost of manipnlal.ion, of attendanee of Excise 
officers, of vessels and instrunuuits, has t.o lie bomc by the manufacturer, and one 
manufacturer estimatiMl thesr* for us as at least 2 marks p(*r hectolitre, or about 
Id. per bulk gallon of .strong spirit. In addition (he'C is the eo.st of the denaturing 
agent, which varies very much according to the sulistance used. Our informant 
estimated that in hisea.se tlie average of tlie wliole cost of denaturing might be taken 
at 7 marks per hectolitre of strong spirit, or almo.st 4d. per bulk gallon. We are 
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inclined to think this too high an estimate, seeing that the cost of ‘‘complete’^ 
denaturing is definitely known to be only a little more than Id. the bulk gallon. 
In that case, however, tliere is all the economy that results from simplicity, regu¬ 
larity and magnitude in the operations. 

A questioi» that pressed its<df strongly upon our attention, d\iring our visit to 
Germany, was how far the consumption of spirit for domestic and industrial pur- 
post's in that country could be taken as a measure of the possible consumption for 
similar purposes in the United Kingdom, and wetliink itmay l)e usefulthal we should 
offer to tlu' (’ommittee some ol)Scrvatu>ns upon it. 

In the year to 30th September, 1003, the consumption in Gonuany w'as— 

Proof galhms. 

Tor donu'stie use.!.(about) 33,000,000 


For mot or and otlier t'ngirves. 1,1 (M) ,000 

For industrial puri)oses.M,()fX),000 

Total. 40,000,000 


In the year t o 31st March, 1003, the consumption in the United Kingdom for 
similar purposes was— 

Proof gallons. 

For donu'sl ic use.(about) 2,200,000 

For ijidustrijil use. ... 3,3(M),1MK) 

'I’otal. 5,.500,000 

At fn-st sight t.lu'st* figures suggest, somewliat staHling po.'^sil)ilities. But, if the 
facts be examined, it will l)e found tliat the pos.sibilities of extended use of spirit 
in England shrink to very mod(‘rat<' diniensious. 

In the tirst i)lace the large coiiMimption of spirit in Germany for domestic pur¬ 
poses, for heating, cooking and lighting, is due not to the al)sohile clieapness of 
spirit.’, or to aiiv special advaiituge tliat it. iios.'^esses as an agent for pioducing heat 
and light., but is due solely (o il.s cheapne.ss as compared witii other agents, coal, 
gas or oil. 

Of these oil is th<‘ agent that mo.st directly competes witli spirit, and in Germany 
oil, in the interests of alcohol, is subjected to a duty of 3 marks per cwt., or near y 
2\d. per gallon. In the L’nilcd Kingdom its importation is frtx:—conse(iucutIy the 
comparison stands thus: 

Price of Methylated Petroleum. 

Spirit per bulk gallon. per gallon. 

Id Germany. Is. Od. tnormal) lO^d. 

Is. 9id. (present) 

InthelJnitcdKingdotn. 2s. to 2s. Od. 5d. to7d. 

The price given aliovo for petroleum in Germany is the price in Berlin, and there 
it is cheaper tlian spirit. (.■onsc'qm'Ul ly in Ik'rlin spirit, which has to compete with 
gas as well as with oil, is very little us(‘d for domestic ptirf)ost‘s; probably not more 
BO than in this country. In tlie rural districts oil is probably dearer than in lierlin, 
ami mom ditlicult. to proeun-, w'hcreas methylated spirit i.s of universal distribution 
—(it enjoys [irefenuitiul railway rates)—and of uniform price, and it is therefore 
in these rural regions tliat tlie main consumption takes place. In the United King¬ 
dom with cheap gas and cheap oil, no conccivaldo n*duction in the price of methy¬ 
lated spirit wouhl make spirit able to compete with them in price, and price must 
always l>c the determining motive of choice for the mass of the people. For though 
spirit has certain advantages in directions other than price, they are not of any 
marked significance in themselves, nor arc they of a cliaracter to appeal very power¬ 
fully to the masses. 

Accordingly we may dismiss almost entirely the use of spirit for'domestic purposes 
as offering an opening for expansion In the demand for spirit in the United Kingdom. 

With spirit for industrial purposes the case is different. But even here a lai)?e 
abatement must be made from the German figures before they can be taken as a 
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possible measure of British consumption. Of the 14,000,000 proof gallons used 
m 1902-3, 0,3.50,000 gal'ons were employed for a purpo.se, vinegar-making, which, 
as we show elsewhere, is not present, or likely to be present in the United Kingdom. 
Another 2,650,000 gallons is used for polishes, varnishes, etc,, on industry which in 
this country enjoys somewhat special advantages and which may he supposed to 
have n'ached a pretty full measure of development, under which it employs some 
1 ,,S00,000 gallons of spirit. 

This leaves some .5,000,000 proof gallons used in Oermany for miscellaneous 
industrial purposes, for which in thi.s countrjr we use some 1 ,.500,000 proof gallons. 

On these figures one may say that the increased deniand that might arise for 
spirit, in this country, in consequence of an extension in its use for industrial pur¬ 
poses, may safely Ik placed at less than 3,500,000 proof gallons. 

H. W. Primrose, 

T. E. Thorpe, 

E. C. Cunningham, Secretary. 

27th February, 1905. 



APPENDICES FROM MINUTES OF EVIDENCE TAKEN BEFORE 
THE BRITISH DEPARTMENTAL COMMTITEE ON INDUS¬ 
TRIAL ALCOHOL, PRESENTED TO BOTH HOUSES OF PAR¬ 
LIAMENT BY COMMAND 01'’ HIS MAJESTY. 


Appendix No. I. 

DUTIES AND ALLOWANCES ON BRITISH SPIRITS AND DUTIES 
ON FOREIGN SPIRITS. 

The duty (Exciee) on British spiril s is at present 11s. per gallon at proof. 

When Ilritish sjiirits are exported (or used for certain operations in bond), 
not only is tlie, duty of lls. reniitte<i, but an allowance .also is paid by the Inland 
Revenue at the rate of 3d. per proof gallon on plain spirits and of 5d. per proof 
gallon on compounded spirits. 

These allowances are commonly spoken of as the “allowances on British 
spirit-s.” 

' The duty (Customs) on Foreign Sjurit is at present— 

On Brandy and Rum lls. Id. per proof gallon, 

On other sorts lls. .5d. per proof gallon, 

(with certain special rates for liqueurs and performed spirits and for 
spirits imported in bottle). 

The difference (Id. or .5d. a.s the ca.se may be) l>etween the duty on British 
spirits and that on Foreign spirits is commonly spoken of as "the Surtax on Foreign 
spirits,” or more brieily as “the Surtax.” 

Both the Allowances and the Surtax which date from ISGO (when the old pro¬ 
tective dtities wer(! done away with) aim at the same purpose, which is, not to 
put the British producer of spirits in a position of advantage as compand with 
his foreign or colonial competitor, but to save him from being placed in a position 
of disadvantage. 

In imposing a heavy duty on British spirits, it is necessary at the same time 
to impose on their manufacture restraints designed to prevent any spirit from 
escaping the duty. Thesi! restraints have the effect of appreciably increasing 
the cost of man\ifacture; and in consequence the burden of the duty on the British 
producer of spirit is not adequately measured by the figure of the duty alone, 
but must be measured by that figure plus the figure by which the cost of manu¬ 
facture is increased by the Excise restrictions. 

Accordingly if we take x pence per proof gallon for this latter figure, and lls. 
per proof gallon as the duty on British spirit, the full burden of the tax on the 
producer of British spirit per proof gallon is represented by the expression 
(lls.+i d.). 

It follows that, when the producer of British spirits sends out his goods to 
compete in neutral markets, he is entitled to relief to the extent of lls.-t-aid. and 
not of lls. only per proof gallon; and conversely that foreign goods should not 
be admitted to the home market at a less charge than lls. + a: d. per proof gallon. 

The values of i have varied from time to time according to the followuig table. 

447 



448 


DENATURED OR INDUSTRIAL ALCOHOL. 


Surtax. 

Allowances. 


Rum. 

Brandy. 

Other Sorts. 

Plain Spirits 

Compounded 

Spinls. 


l^d. 

5d. 

5d. 

2d. 

3d. 

issi. 

4d. 

4d. 

4d. 

2d. 

Id. 

“ . 

4d. 

4d. 

5d. 

3d. 

.Id. 







The (l('ti‘nniiiati()n of values for .r is a m.att.er of extreme dilTicuIty. To arrive 
at it, it is necessary to take into account— 

(h) Tlie lav, if any, on materials of maimfaeture; 

(l>) The elleet of Excise n’strietions on the cost of matmfaeture. 

At the present time («) is a neRliRihle (piaiiiity. For, alilumsh there is a tax 
on suftar and ulueose, these materials enter into distillation of spirits to so small 
jui extent that the tax may he left out. of aceonut. .Mohisses used for distillinf; 
is duty tree. 

As regards (li), the Excise restrictions that do, or may, a,ITect tlm cost of manu¬ 
facture am numenms, hut the princiiial among them arc the lollowmg: 

(1) The prohibition ;igaiust hrewitg or distilling simultam'ously; 

(2) 'I'he prohihition against mixing uorts during fermentation; 

(3) (tonipiilsory stoppage of work hetween (Saturday and Monday; 

(4) Restrictions on the mamifaeture ol yeast; 

(o) Separation of distillery and rectilying premises and loss of duty on 
spirits rectified. 

(No. ,'i hardly .allects the cost of manufacture of “plain spirits. ) 

From this enutneration of the factors which have to he taken into iiccoiint, 
it will he obvious tluit anything like luecise accuracy in Uxing values lor i is iin- 

attaiualile. . • „ , i • 

The manner in which the rates of Surtax were originally computed in IhM) 
is shown m t he table on page tt.'i, which was first published in the Board of Inland 
Revenue’s 'I'liirteent.h Report (ISVlfl. and which in the literature ol the subject 
has since Is'cn freipient.ly reproduced. 

In the jieriod that has elafi.sed since ISGO appreciable changes have taken 
phace in thi' conditions of manufacture of spirit and in the rate of duty on spiiit, 
and a computation to-day of the figures at which the rates of .siiirtax should stand 
would be based on items and on values that would dilTer materially from those 
shown in the original table. (If the composition of the rates as t.liey now stand 
there is no accepted or authoritative analysis, and all that, can lie said of them 
is that they represent the outcome, by way of compromise, of prolonged con¬ 
troversy renewed at tre(|uent intervals, as occasion for ipie.stion presented itself, 
during a period extending over more than forty years. 

it may, however, be convenient to say a few words as regards the increase 
by Id, of the Ailowanees .and of the Surtax on S|)irits other than Rum and Brandy, 
which was made in 1902 at the time when the duty on corn was re-imiiosed. For 
the retention of the increase, notwithstanding the repeal of the corn duties in 

lODii, has been a frequent subject of criticism. . . , , 

The imposition of the corn duties was the occasion rather than the cause of 
the addition to the Allowances and the Surtax. 

For, taken by themselves, it. was calculated that, the duties, as first propo,sea, 
would not have warranted a larger addition tliaii i';, of a jienny, nor, as finally 
passed, with a reduced duty on maize, a larger addition than y',, of a penny. 
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1886. , i 

Amount Olaimed i 

i>y j 

Amount 

Allowed 

1866. 

CoDRidered Admisai* 
ble by this 
Depurtment. 


Scotoli 

l)lStjll<TK. 

, lOnjrlish 
Distilloi.s. 

1860. 

For Un- 
culouicil 

For 

Coloured 


i 

Sphi'ts. 

Spirits. 


li. 

d. 

d. 

d. 

d. 

Ist.—Compensation for duty on 






Korcign grain. 

01 

01 

01 

0} 

Oi 

2iid.—I’roliiiutiou against, brewing 



1 

and distilling at .same i inie 

u 

n 

1 

1 

1 

3rd.—Against disi illers mixing wo; t 






in se,parate ve.sscds while ^ 
in }>ro(^(!s,s of fernumt alion 

01 

Oi 

01 

Oi 

01 

4th.—Loss of duly on rectification 





and flavouring spirits in 






separate premis(*s. 

3 

3 

1 

21 

2i 

5th.'-Colouring matter in Fon-ign 





spirits. 

2 

2 

•) 

Nil 

2i 

0th.—Increased expensi' in making 





malt consiupient on Ex¬ 
cise n‘sl rictions. 

01 

0^ 

Nil 

Nil 

Nil 

7th.-—DilTereiici* in mode of ebarg- 






ing duty in favour of For- 
(‘ign .Spirits. 

I 1 





8th.—Duty ovad(*d upon Foreign ; 

spirits, and by sampl(‘s ' 


U 1 

Nil 

Nil 

Nil 


01 1 






1 





tt 

01 

■ 1 

5 

1 

1 

41 

6i 


Piif, for some years prior to 1002 the 'distillers had been iirgiiig on the 'J’reasury 
•and the Hoard of lularui Kov<‘nue that the old rates of Allowance and of Surtax 
were insufiieient (notably on the oc(;asion when in March, 1808, a deputation 
repn*sonting the whole tr:w!e waited on the then Chancellor of the Exehociuer) 
and t.he expert oflieers of th(‘ Excise had admitted tliat they could not dispute 
the arguments in favour of /tonic increasi' in the rates. 

Wliat. the amount of iiu*r(*asc should l>c was a matter more difficult to deter* 
mine, and it was still in quest ion wl»en the revival of the corn duties took place. 

'riiat event made action imperative, and an additional penny was agreed to 
—the addition, however, not to extend to Brandy or Rum, which are not mad© 
from grain. 

When the duties were repealed in 11)03 the rpiestion arose as to an adjustment 
of the rates of Allowance and Surtax. But as the adjustment, could not have 
exceeded fV of ^ penny, and as the compo.sition of the remainder of the rates 
was far from precise, it was decided tliat no change should be made. 
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Appendix No. II. 

A. REGULATIONS AS REGARDS USE OF SPIRIT FOR INDUS¬ 
TRIAL, ETC., PURPOSES IN THE UNITED KINGDOM. 

'flic Customs and Excise Taxc.s on Spirits arc: 

Customs —1 Is. 4d. per proof gallon on Rum and Brandy. 

“ 11k. .')d. “ “ “ “ other Spirits. 

Excise— 11s. per proof gallon. 

DUTY-FREE SPIRIT. 

I. Metiivlateu SriiUT. 

There arc two kinds of methylated spirit. 

A. “Ordimry" Mctliyhkd Spiril for use in manufacturing operations. 

'ITiis consists of a mi.xture of flO parts of ordinary clliyiic alcohol of a strength 
of 00 to 00 o.p. (i.e. containing from ill to 0.5 percent of nud alcohol) and 10 parts 
of w'ood-naiihtha of an .approved type. 

The oflicial regulations do not rcipiire the British or Foreign spirit u.scd to he 
of a greater strength than 50 o.p. (HO pin cent, alcohol), and Colonial rum of a 
■stnuigtli ol only 20 o.p. (09 percent alcohol) may lie used; hut in practice rum i.s 
now never methylated, and the spirit is always over 00 o.p. (01 per cent, alcohol). 

No duty is paid on British spirits used lor making methylated sjiirit, and Foreign 
and Colonial spirits arc Oxenijit from the ordinary spirit lax of Us. per proof 
gallon; hut Foreign spirits have to jiay a Cu.stonus surtax of ,5(1. jier proof gallon, 
e(|uivalent to about Hd. jier gallon on the spirit*as actually methylated. 'Iho 
surtax on Colonial rum is 4d. per proof gallon, e(|uivaleut to about Ibtd, per gallon 
at Cl) o.|)., or less than hd. per gallon, if rum of 20 o.p. were used for methylat ing. 

Methylated si>irit can only be made by— 

1. Distillers. 

2. Hectiliers, i.c., persons who redistil duty-paid spirit. 

H. Licen.sed raethylators. 

In practice methylated spirit is, as a rule, made by methylat ors, who pay an 
annual license of £10 10s. 

All methylalors have to provide suitable mixing rooms, vat.s, locks, fastenings, 
and ap|)liances for weighing, mensuring, and mixing the spirits and wood-naphtha, 
and the necessary desks for the convenience of the Revenue oHicials who supervise 
the operations. Mixing vats must he of a capacil.y of 550 gallons, and wood- 
naphtha vat.s of 100 gaUons. 

Kfririts for mcthylation come from Customs or Exci.se duty-free warehouse 
accompanied by official permits, and arc received by a Supervisor and Officer of' 
Inland Revenue, who examine and check the stnmgth iuid <|uantily, and «x> the 
soirifs run into the mixing vats. To the .s|)irit in each vat is then added one- 
ninth of its bulk of approved wood-naphtba. The contents of the vat have to 
be thoroughly mixed, and the total (piantity and strength again measured by 
the officials. An official entry ol these particulars is made, and the vat and its 
contents arc then handed over to the melhylator for disposal in accordance with 
prescribed regulations. Not less than .500 gallons of methylated spirit must be 
made at each mixing. .... , j i i. 

The wood-naphtha used for mixing with the spirit must be approved by the 
Board of Inland Revenue ladore it is u.sed. For this purpose a sample is drawn 
from the naphtha vat and sent to the Government I.alwratory for examina¬ 
tion, the vat itself being locked up by the Revenue officer until the Prin¬ 
cipal of the Government Laboratory has certified that the napht.ha is fit for 
methylating purposes. 'I’he nature of the examination to which the naphtha is 
submitted is described below, page 452, and from this the character of the wood- 
naphtha used for methylating purpo.ses in this country can be gathered. 
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‘‘Ordinary” or manufacturing methylated spirit can be sold by methylators 
only to persons authorised by the Board of Inland Revenue to receive this kind 
of spirit. 

A user of this spirit must send to the mcthylator an official requisition signed 
by himself, and on whi(;h there is a certificate signed by the local Supervisor of 
Inland Revenue that the applicant is authorised to receive su(5h spirit. Less 
quantities than five gallons cannot be supplied. Tlie niet.hylator has to enter 
the partictilars of every consignment in an official pennit taken irom a book sup¬ 
plied to him by the Supervisor, and this pennit must accompany the spirit to 
the premis(‘s of the user, and l)C delivered to the Officer of Inland Revenue when 
he visits the premises. 

When any person wishes to use methylated spirit in any nuinufacturing process, 
or for making embrocations, lotioT»s, medicaments or other pn'parations, written 
application lias t o be made to t lie Board of 1 nland R(*vcnue. The particular purpose 
for which the spirit is intended to lie us(*d, with some* general description of any 
manufacturing process involved, has to lx* given, and also a staf.emcnt of the 
situation of tlH‘ prinnises and of tlic quantity of spirit likely to be used annually. 

Alt<*r inrjuiry l>y the local officials the Board issin* tbeir authority for the use 
of llie spirit, and instruct their oflicers to supply the applicant with a book of 
Requisition Forms, in order to enable him to of)tam a supply of the spirit from 
a metliylator. 

WhqiH' tlie quantity of methylated spirit used exceeds .'lO gallons per annum 
a bond, with om* or more sureties in sums of £2tK) to £I ,00(), for the due ohserv- 
ance of any conditions that may Im' impos<‘d and the proper use of the spirit, is 
reipjin'd. Hosjiilals, infirmaries, colleges, and other public institutions are not 
usually requiri'd to give a bond. 

M(‘thylated sjiirit is not allowed to be us(‘d for manufacturing purposes on 
any preniiw's where ordinarj’ alcohoHi* beverages are made or sold, nor for the 
pp'paration of any article of food or drink, or to he mixed with any medicine 
capable of being ts'iken intiTnally. With tliesc exceptions methylated spirit may 
be used in almost any art or manufacture, and is, as a fact, used for a very great 
variety of manufacturing and lechni<‘.'il purpose's. For medicinal and pharma- 
ciMitical purposes, for instance, the use of methylated spirit has bei'n sanctioned 
for the extraction, crystallisation and fuirificalion of nearly 500 resins, oils, alka- 
lni<ls, syntlu'tieal perfumes and other sulistances when' th(' finished products (con¬ 
tain none of th<* spirit; for making several hundn'd emhrocatioTis, lotions, liniments, 
and other medudnes for outward application; for most veterinary medieini's; and 
for making collodion, flexible* collodion, .surgi<-al bandages, iodoform, chloroform, 
ethyl and methyl chloride and bromide, and other articles used in surgery and 
medicine. 

As a rule the conditions inqiosod on the users of methylated spirit arc very 
simple, and interfere very little, if at all, with the manufacturing operations. It 
must not be removed from the premises wliere its use has Ix'eii allowed, and the 
manufacturing operations have to lie carried on substantially in the method de¬ 
scribed in the application. Any material alteration of the proci'ss, or those por¬ 
tions of it where llu* spirit is us(‘d, has to he notifii'd to the Revenue officials, and 
the Board’s sanction obtained for the change, but this is merely for the infor¬ 
mation of the inspecting officers, and permission for any desired alteration is 
rarely or never rofust'd. 

In a great many cases the methylated spirit used in the manufacturing oper^ 
tions i.s wholly or partially recovered and used over and over again. Where this 
recovery includes redistillation the Revenue permission has fir.st to be obtained, 
and in some eases, where tlu* manufacturing opration and the redistillation might 
so purify portions of the spirit as to render it capable of being us(*d for potable 
pnnoses, special conditions are imposed, such as the collection of the whole of 
the distillate in one receiver and not in fractions, or the immediat-e mixture of the 
recovered spirit with fresh methylated stiirit, or w'itli some other substance. 

As a whole, however, there is vt'ry little interference by the Revenue officers. 
Except for periodical inspections, and the occasional sampling of the recovered 
spirits and of the intermediate and finished products of the operations, manu¬ 
facturers are loft to carry out their operations in any way they please, provided 
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they supply the Revenue authorities with sufficient information to enable tlie 
officers to see where and how the spirit is used. 

Neither the methylators nor the manufacturers liavo to pay anything towards 
the cost incurred by the Revenue authorities in supervising the making, or the 
use of the mctl)ylatod spirit. 

li. Mineralised’^ Methylated SjnrU. 

Tills is the methylated spirit whieli is sold by retail to tlie general p\iblic for 
\\M' for Imruing in spirit Iam])s, for eh'uusing and domestic juirposes generally, 
and also to some extent for mixing with jiaints, stains, varinshes, etc. and for 
polishing purposes by eabinetmakers, etc. 

in making ‘•mineralis(‘(r’ methylated spirit the alcohol is first mixed with th(‘ 
wood-naj>iitha as in making "ordinary” nu^thylated spirit. After mixing with 
the wood-na])ht.ha, the whole eonti-nts of tlie vat of "onlinary ” metliylated sjurit, 
or a j)ortion of the spirit, not less than 100 gallons, removed to another vat, is 
further mixi'd with three-(Mghths of one percent. (.1175 per cent.) ot an approved 
"mim‘ral naphtha.” This mineral naphtlia is an ordinary light mineral oil liaving 
a speeifie gravity of from O.KOO to O.S:iO. Ttu* addition ol this mineral oil does 
not interfere' with the purposes for wliich this kind of spirit is mainly us{*d, viz., 
huriiing in s])irit lamps, etc. Its use was introduced some fifteen years j^r(» in 
order to pmvent ilu‘ drinking of the "ordinary” m(‘thylaled spirit whicli was 
found to be going on to a limilt'd extent anumg certain class(‘s in t he poorer dis¬ 
tricts of (ilusgovv and other large citi(‘s. 

Ik'r.sons ulio wi.sh to retail "mineralised” methylated spirit must obtain a 
lic(‘nc(‘ costing 10s. annually. Anybody except distillers and pui)licanR may 
obtain lids liconeo. Retailers of "mineralised” metliylated sjiirit are furni.slied 
witli a book oi Keipusition horms to enable tli(‘in to obtain tlieir suj)j)lies of suCh' 
sjiirit from tlu' inetliylators. 

Metbylators arc not allowed losell the spirit to ndailers in grc*ater (|uantitic8 
than fifty gallons, or in less (piantities than five gallons, but tiu* Ruiuiler retailers 
are allowed to j)urcba.s(' it in fpiantities not exceeding a gallon at a time from 
any other nUailer. The stock ol "minerali.sed” methylated spirit which a n*- 
lailcr may keep is limited to fifty gallons, and he is not allowed to sell to any person 
a greater (pianlity of such spirit than one gallon at a tinu'. 

U«‘tailers an' also proldbitc'd from selling the spirit lietween ten o’clock on 
Saturday evening and eight o’clock on tlu' iollowing Monday morning; and, in 
exceptional eases, they have to keep a stock account of all spirit received and 
sold, and the names of the persons to whom it is sold. Thes(* regtdations are for 
the purpo.se of pn'venting the illicit drinking of the spirit which still ocea.sionally 
occurs in some localities, and are reqiunul more for police than Kcvcimc purposes. 

Anyone may buy "mineralist'd” met.bylat<*d spirit from a retailer, and may 
use it for any purpose excci>l in Ibe pp'paration of beverages or of medicines 
eapalde of Inung taken internally. All attempts to ])urify or prepare the spirit 
for use for these purposes an* also prohibited: and any one who sells, for use as a 
beverage or as medicine, or ha.s in his poss(^ssion any methylated spirit, or any 
derivative thereof, prepared or purified for such use, incurs a penalty of £100. 


THE EXAMINATION OF WOOD-NAPHTHAS. 

The w’ood-naphtha must, be sufficiently impure to impart to the methylated 
spirits, prepared by mi.xing one part of the wood-naphtha with nine parts of spirits 
of wine, such an amount of nauseousness as will, in the opinion of the Principal 
of the (jovernment Ijaboratory, render such mixture incapable of l)emg used as 
a beverage, or of being mixed with potable spirits of any kind without rendering 
them unfit for human consumption. 

Wood-naphtha submitted for approval should conform to the following tests: 
(a) Not more than 30 c.c. of the naphtha should be required to decolourise 
a solution containing 0.5 gram of bromine. 
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(b) The naphtha, which must be neutral or only slightly alkaline to litmusi 

should require at least 5 c.c. of decinormal acid to neutralise 25 c.c- 
of the spirit when methyl orange is used as the indicator,. 

It should contain; 

(a) Not less than 72 per cent, by volume of methyl aleohol. 

(5) Not more than 12 grams per 100 e.e. of acetone, ahlehydes, and highljf 
ketones, estimalcd a.s “.aceione” by the tomiation of iodoform ac¬ 
cording to Messinger's method. 

(c) Not more than 3 grams per 100 e.e. of c.ster.s, estimated as methyl 

acetate by hydrolysis. 

The following details of the manner in which the above te.sts are conducted 
in the Oovernment baboratoiy liave beim pul)lished for the information of the 
Trade: 

Bromine Decolourimlioii. 

A standard bromine solution is nnide by dissolving 12.400 grams of potassium 
bromide and 3.481 grams of ])ola.ssinm broniate in a litre of recently lioiled dis¬ 
tilled water. 

,50 c.c. of tliis standard solution (=1)..') gram bromine) are placed in a flask 
of about 200 c.c. capacity, having a well-giound sto|iper. 'fo tliis is added 10 e.e. 
of dilute .sulithuric acur(l in 4) and the whole .shaken getilly. After standing 
for a few minutes tiie wood-naplitlin is slowly run from a l)urette into the clear 
bn)wn solution of bromine ntilil the latter is com))letely decolourised. Not more 
than 30 c.c. of the wood-naphtha should be recpiired for this purjtose. 

Methyl Ortinye Alkohnily Tent. 

The naphtha should !«■ faintly acid to iihenolphthalein, slightly alkaline or 
neutral, rarely acid to litmus, and always alkaline to metliyl orange. 2.5 c.c. of 
the wood-nai)ht1ia are placed in each of two laaikers tunl titrated with decinormal 
acid* using in the out' ease a iea drojis of litmus solution, titid in the otherof a solu¬ 
tion of methyl oragne, as indicator. With litmus tisually tt.l to t),2 e.e. of deei- 
normal acid'is n'()uired to neutralise'. With mi'thyl oratige the totid alkalinity 
should lx; greater- -at least .5 or 0 c.c. of decinormal acid being required for neit- 
trali'ation. 

The, total alkidinity, k'ss that given with litmus, is the “methyl orange alka¬ 
linity,” and, for the 2.5 c.c. of woixl spirit, sliould not be less than is retpured to 
neutralise 5 c.c. of decinormal acid. 


listimation of Methyl Aleohol. 

22 grams of coarsely powdered iodine .and 5 c.c. of distilled water are placed 
in a small flask and cooled by immersion in ice-cold water. Then 5 e.e. of the 
wood spirit (tiO.O o.p.) are ailded, the flask corked, the contents gently shaken, 
and allowed to remain in the ice-cold lath for It)-15 minutes. 

When well cooled, 2 grams of red phosphorus are iwlded to the mixture of 
spirit and iodine in the flask, and the latter is immediately attached to a reflux 
condenser. . 

The reaction soon commences, and nmst be moderated by dipping the flask . 
.into a cold-water batli. (.Spirit may be lost if the reaction is too violent.) After 
alxtiit 1.5-20 minutes, when all action aitpears to have ceased, the water bath 
under the flask is gradually heated to a temperature of about 7,5° C. (107° F.), 
and the flisk Ix'ing occasionally shaken is allowed to remain at this temperature 
for 15-20 minutes. The sotirec of lieat is then removed, and the apparatiis left 
for an hour till ft has cooled, when the condenser is reversed and the methyl iodjde 
slowly distilled off—first at a low temperature—the bath being allowed to boil 
towards the end of the operation only. The end of the eonHenser dips into water 
in a measuring tube, and the iodide is collected under water and measured at a 
temperature of 15..5° C. (60° F.). 

The percentage (by volume) is fotind from the formula; 
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c.c. methyl iodide found X .647X100 Percentage by (volume) of methyl 
c.c. wood spirit taken alcohol. 

Or when 5 c.c. of spirit are taken: 

c.c. methyl iodide x 12.94 ^percentage (by volume). 

Esters, acetals, etc., also yield methyl iodide by this process, and from the 
percentage of methyl alcohol calculated as above an amount equivalent to the 
percentage of these substances present must be deducted. Practically, how¬ 
ever. methyl acetate is the only compound usually found in quantity sufficient 
to materially affect tlio result. 'I'hc grains of methyl acetate |H‘r ItM) c.c. of spirit 
multiplied by ..540.5 give the e(|uivaTent of methyl alcoliol to be deducted from 
the total percentage by volume calculated from the methyl iodide found. 


The AccUmc licdclion. 

25 c.c. of normal soda arc placed in a flask similar to those used in the bromine 
reaction. To this is added 0.5 c.c. of tlie naplitha. 'I'he mixture is well shaken, 
and aUo\\(‘d to stand .5-10 minuti's. Into it from a ()urt‘tte n/.5 iodine solution 
is run slowly, droji by drop, vigorously shaking all the time till the up|HT portion 
of the solution, on standing a minute, becomes <juit.e el(*ar. A few c.c. more of 
n/.5 iodine solution arc added, as to g(‘t (‘oncordant results an excess of at least 
25 j)er cent, of tin* iodine rcquir(‘d must be addiMl. Aff.or shaking, the mixturo 
is allowed to stand for 10-15 minul(\s, and then 25 c.c. mu-mal sulphuric are added. 
The excess of iodine is liberated, titrali'd with n/U) .sodium thiosulphate solution 
and starch, and half the number of c.c. of thiosulpliate solution uw'd are deducted 
from tlu' total number of c.c. of iodine solution list'd. Tlie difference gives the 
amount of acetone by weight in the naplitlia by the formula: 

e.c. n/5 iodine solution requiredX.3S7()-grams of acetone per 100 c.c. of 
wood naphtlia. 

Tliis includes as acetone any akl'hydes, ct(*., capabli* of yielding iodoform 
by tliis reaction. 

If the quantity of "acetone" is excessive, a less quantity of the sfiirit is taken, 
or 10 e.e. arc diluted with 10 c.c. of methyl .alcohol free from acetone, and 0.5 c.c. 
of the mixture is used. 

BMuruition of IJsters. 


5 c.c. of the wood-naphtha an* run into a silver pressure fla.sk of about 150 c.c, 
capacity, together with 2() c.c. of recently boiled distill'd water. 10 c.c. of normal 
soda solution are added, the flask securely closi'd and digested for at least two 
hours in a water bath at 100® ('. (212° F.). 'riie contents are then washed into 
a beaker, and titrated with noimal acid and plienolphthalciii. 'i’hc difference 
between the number of c.c. of soda taken and of tlie acid requirt'd for neutralisation 
may be calculated as methyl acetate (weight in volume) from the formula: 


.074 X e.c. soda n*quiredxl0() 
c.c. naphtha taken 


—grams ])er 100 c.c. 


Or if 5 c.c. of spirit arc taken as above: 


1.48 X c.c. soda required ^grains of methyl acetate per 100 c.c. of spirit. 


II. Spirits Denatured xvith Other Substances than Wood-naphtha. 

, Under the powers conferred on them by the Spirits Acts, 1880, and Section 8 
of the Finance Act of 11K)2, the Commissioners ol Inland Revenue have authorised 
the use of Ethyl and Methyl alcohol denatured with substances other than wood- 
naphtha to be used in certain manufacturing operations. 

'J’lie denaturing substance is, us a rule, one used in the manufacturing opera¬ 
tions involved, and there are special conditions as to the mode of working and 
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supervision by the Revenue officials, including in some cases the constant presence 
ot one or more Excise officers on the premises whilst open for work. Traders using 
these specially denatured spirits have to pay the cost, of the Revenue supervision. 

Copies of (a) the ComniissionerK’ Minutes on Section 8 of the Finance Act, 1902, 
and (6) a memorandum indicating the procodiiro to be observed in connection with 
the us(; of Spirits under that section, arc subjoined. • 

(o) Minutk op the Board op Inland Rkvenue on Section 8 op the Finance 

Act, 1902. 

The Board take into consideration Section 8 of the; Finance Act, 1902, which 
runs as follows: 

1. Where, in the cas(‘ of any art or nuinufactun' carried on by any person 
in whicli the use of «[>irits is retpiired, it shall be proved to the satisfaction of 
tlie (’oinrnissioncTs of Inland iloveimc (Iiat the use of nietliylated spirits is 
unsuitable or d(‘triineniid, they may, if they think fit, authorise that person to 
receive .s})iril.s without payment of dtity for us(‘ in the art or manufacture upon 
giving security to their satisfaction that he will use the spirits in the art or 
manuiacture, and for tjo other purpt)se, and the spirits so used sliall be exempt 
from duty: 

Provgd(*d that foreign spirits may not be so re<Tived or used until tlie dif¬ 
ference between th(‘ duty of customs cliurgeable thereon and the duty of Excise 
charg(;able on British spirits has lieen paid. 

2. T!ic authority shall only be grant<*d subject to a eorapliance with such 
regulations as liie ('onimission<*rs may re([uire the ajiplicant to observe for the 
security of the revenue, and upon condition that he will, to the satisfaction of 
the Commissioners if so reijuiied by them, render the spirits impotable bclore 
and during use, and will from time to time pay any expenses that may be incurred 
in placing an officiT in eliargi' of liis premises. 

. 3. If any person so authorisetl shall not conifily with any regulation which 
he is n*(iuir(‘d to observe, lie shall, in addition to any otluT fine or liability, incur 
a fine of fifty poi nds. 

It is in the first place to be ohsiTved that the privilege of using spirit duty free, 
as contemplated by tli<‘ .‘icetion, is to be a ])ersonal privilege, entailing personal 
obligaticgis <ui the persons or jierson to whom it is granted; and it follows from this 
that there can hi? no question of tlie Board’s granting any general authority under 
the s(‘Ct ion to classes of pi'rsoiis, but that, each person or body of persons who desires 
to obtain the benefit of the section must make separate atiplicatioii to the Board, 
who will consider all the cireumstances of (‘aeli .separate application and form their 
judgment upon them. 

At the sam(‘'tinie, in laying down some general prlncipl(*s ly which they will 
be govenied in dealing with applications submitted to them, it may l>e po.ssible for 
tin* Board to indicat,c certain clu.sses of ca.ses t,o which tne licnefit of the section 
could not, under any circumstances, he conceded, and so to prevent the multiplica¬ 
tion of applications which cannot possibly be entertained favourably. 

With tliis view, and also for the piirj^ose of affording guidance generally to the 

{ mblic and to their own offic(*rs with n*spt*ct to their policy in administering the 
aw, as laid down in the section, tlie Board proceed to embody in this Minute the 
following ohser\'ations on the subject. 

The section requires that lM*torc the Commissioners can authorise the use of 
spirits in any “art or manufacture”—ti^nns which they intopDret as including the 
application of ‘spirit to jcientific purposes—two main comlitions must be fulnllcd, 

VIZ,: 

(a) It must be proved, to the satisfaction of the Commissioners, that the use 
of methylated spirits is unsuitable or detrimental for th<* particular puri)ose; a^id 
(6) The security of the reveunc must \yo. guaranteed by such means as the 
Commissioners may rtMjuirc. 

These conditions are cumulative, not alternative—Unless l)oth can be fulfilled 
there can l)e no question of a grant of the authority contemplated by the section. 
In every case therefore it will be necessary to scrutinise in the first instance the 
objections that may be alleged to the use of methylated spirits, and it is only after 
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the validity of siidi objections has been admitted, that it will be necessary to pro¬ 
ceed to consider whether or by what means the security of the revenue can be 
guaranteed. 

It was explicitly stated in the House of Commons, both by those who promoted 
legislation in the sense of the section, and by the Chancellor of the Exchequer who 
aB«'nted to it on behalf of H. M. (iovcrnnienl,, that it was to l)e understood that 
the Commksioners should exercise the discietion conferred ui)on them with great 
caution, and with a very strict regard to the security of the revenue; and the Board 
theinselve.s feel strongly that no other attitude would Ik‘ [lossibh' for them. 

Th(‘y intmid therefore to insist on a strict observance of the prescribed (ondi- 
tions in eviuy case in which they may grant an authority tinder the section, and 
tliey will not hesitate to reject any application in respect, of which it appears to 
them that the eondition.s are not, or cannot be, adeipiately complied with. 

Further, as the duty on Sfiirits is so heavy and of so much importance to the 
revenue, they consider that they may jiroperly i-equire that the advantage to be 
otitained by the use of duty-free snirit stiould be suiislantial both in character and 
in weight, and that the tienelit ot the section should not. Ix' accorded in cases of 
trivial im])ortanee or in the purely personal interest ol indiviiltials. 

In accordance with the.se primiples, the Board will refuse to entertain applica¬ 
tions under the sect ion, as follows; 

In Besi'kot oi.' ('onoi’I'ion (o). 

Wlu're in an Art. or Mauufact.ure the use of methylated spirit is attended by 
only slight and immaterial disadvantage. 

In REseneT oi.' Condition (h). -ie 

Where the security of the revenue cannot be guaranteed with reasonable cer¬ 
tainty, and at reasonable cost, of eonvtuiience to the depaitment.. 

ft he cost in money will lie a matter always affecting the applicant.) 

It is manifest that there must Ih' many cases in which the protection of the 
revenue would Ik' impossilile, it the use of dut.v-free spirit were pennitted, and of 
the.se there may lie mentioned the follmiiig: 

(i) The niaiuifactiire ot articles intended for liuman consumpt ioiu such as 
Meilicines, Es.senees and Tinctures. 

(ii.) 'the manulaeture of articles not intended for human con,sumption, but 
ea()able ot being so used, it made with pure spirit or with spirit only temporarily 
renderi'd unpofable, such as pertumes or s|iirituous mixtures for purposes of 
illumination or ot generation of heat or motive power. 

As irgards ea.ses to which the Ix'nefil ol the section may be extended, the Board 
may say generally that they will be disposed to entertain favourably a|)plical.ions: 

(1) From recogni.sed bodies formed tor the advancement of si'ieuce, or of 
seientilic education, and recpiiring to use pure spirit in processes ot re.search or of 
illustration. Applications of this kind from i.solated individuals will not com¬ 
monly lie entertained; but might be so on the recommendation and guarantee 
of a recognisi'd scientific body. 

(2) From jiersons engaged in an industrial enlerpri.se of such magnitude 
and imiiortance as to give to it a eharaeter of public interest in it s bearing upon 
national trade. In any such case the concession will commonly be made sub¬ 
ject to an obligation to render the spirit imiiolable Ix'fore and during nsc, by 
such means as may be lound to !»■ nio.st appropri.ale to the particular circi m- 
sttinces of the manufactum Only in very rare instances can the Board con¬ 
template the use of pure spirit in manufacture, and then only subject to close 
and constant Excise supervision. 

In every case of coni'cssion, of whatever kind, the persons authorised will 
be subject to Excise visitation, and to the observance of such regulations as 
regards receipt, storage, use, or recovery ot spirits, and the keeping of accounts 
of the same, as tip; Board may prescribe. 

July, 1902. 


H. W. P. 
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(6) Procedure to be Observed in Connection with the Use in Manufactures 
OF Spirits on which Duty has not been Paid (Sec. 8 of the Finance Act, 
1902). » 

1. Any person desiring to use spirits without payment of duty in any manu¬ 
facture carried on by him must make application in writing to the Commissioners 
of Inland Revenue tor authority io n^eeivc and use such spirits, and must prove 
to the satisfaction of the Commissioners that the use of Methylated Spirits 
would be unsuitable or detrimental. 

•2. The applicant must give full part,iculars of the situation of the premises 
upon which and the purpos<' for whieli tli(‘ spirits are to be used, together with 
a description of tlie pro(M*ss of manufacture. H(‘ must also .state the means by 
which it is proposed to make the .spirits impotable Indore and during use, and 
the quantity likely to Ik 5 napiired in tlu; course of a year. 

3. Spirits on which <luty lias not been paid may not be delivered for re¬ 
moval to th(‘ premises of a‘ny person for use m any manufacture except from a 
Duty Free Warehouse, and upon production to the Officer of that Warehouse of 
a Requisition signed by the person autlioris(‘d to n^ceivi^ the spirits, on which 
there is a certificate, signed by the Sujiervisor of the District, that the Appli¬ 
cant is authoris(‘d by the Commissioners of Inland Revenue to receive such 
spirits. 

4. The (plant it y of spirits to 1 m* receivi'd at one timi* must not l>c less than 
one hundred bulk gallons, and the spirits must, be conveyed direct to the 
]>rcmis(*s of 1,he person authorised to receive iliem, and must there remain 
without alteration or change in the cask or jiackagc in wliieh they were deliv¬ 
ered, until an account thereof has been taken iiy the proper Officer, and they 
have lM*en r(*nden‘d unpolable in his ]n(‘sence. 

fi. Any jMuson authorised to receive* spirils on whicli duly lias not been 
paid musf., if so required by the Commissioiier.s (»!' inland Revenue, provide 
upon Ids premi.ses a warehouse, struct,urally secure to tlaur satisfaction, and all 
such s]»iritK reixMved must be deposited and retained tberein until delivereJ 
on proper noiie.* to, and in the )m*sence of, the Ofiicer. lie must also, if so 
requin*d, provile a room upprov(‘d by tlie Commissioners in which must be 
fixe I a vit or other vessel of sufficient size to admit of at least one hundred 
l.Milk gallons of spirits In-ing render(‘d iinpotahlo at one tinu*, and must also pro¬ 
vide sal i-faclory Hccorninodation for the Officer of Inland Revenue in attend¬ 
ance at his premises. 

(). l^*curUy to 11 m* satisfaction of the Conimissioneis of Inland Revenue 
must 1 m> given for the due removal, saftj custody, and propt'r use of the s])iiit8, 
and tlie due observance of all regulations and conditions made by the Commis- 
sionc!^. 

7. 'Hie substance or malcrial fo IxMiJ-ed for the purpose of rendering spirits 
unp ilai le, and the mode n which the spirits are to bn rendered unpotable, 
inusr be a])prov(‘(l by ti'c (Jonimissio?u*rs ot Inland Revenue, and the person 
aullmrivcHl to receive spirils upon whiidi duty has not I'cim paid must, if so 
rv'()uir(‘il by the Conimission(‘rs. provide a sfon^ to 1 h* ajiproved by them, and 
used sol<*ly for storing and keeping tlu* substanci* or material so approved. 

5. No wareliousi', room or ston* provuU'd in conformity witli those Regula¬ 
tions shall he open iK'fore S o’clock in the morning or after 5 o’elo(‘k in the after¬ 
noon, but Officers of Inland Revenue shall have access at all f,ime.s to the 
premi.s(*s of any person autlioriscd to use spirits under tliese R<*gulations. 

9. Notice of the intention to remove spirits from the warehouse on the 
premises of the person authorised to use them for the purpose* of being ren¬ 
dered impotable or for use under tlii'se Regulations must be given to the 
proper Officer of Inland Revenue on a form of Warrant, on wdiich must be 
specified the parfuculars of the spirits as w'archoused together wdtli the distino 
tive marks and numliers of the casks and the date of deposit in the Warehouse, 
and the spirits must be rendered impotable in tlie pn*scnce of the proper Officer, 
who may take an account of such spirits before and on completion of t he opera¬ 
tion, and may, without payment, take samples at any time of the spirits and 
of any article in the manufacture of which they are used or which may be on 
the promises of the user. 
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10. Spirits which have been rendered unpotable under these regulations 
shall not thereafter be purified in any manner or be recovered by distillation or 
any oilier means, except with the express sanction of the Commissioners of 
Inland Revenue. 

11. A person to whom authority is granted liy the Commissioners of Inland 
Revenue to receive for use in any part or manufacture spirits on wliich duty 
has not been paid shall pay to the proper Collector of Inland Revenue, from 
time to time, sucli sum or sums as the Commissoners shall determine for tlu' 
e.\pense incurred for t.hc attendance of an Olficer at his preunises, and shall 
also pay duty on any deficiency in the spirits mccived upon his promises 
which may aiist* from abstraction or from any cause which may in the opinion 
of the Commissioners not be due to natural waste. 

Dated tlus 1st October, 11)02. 

By Order of tlie Commissioners of Inland Revenue. 

J. B. Meeiis, Secretary. 

III. Undenatured Ai.coiiol is allowed to In* us(‘d by univ(*rsities, colleges, 
and other jniblic institutions for researcli and teacliing undtT certain conditions, 
a copy of which is subjoined: 

1. An Application must be made l>y the Ooverniiig body or their reprcw'nta- 
tive, stating th(‘ situation of the particular I’niver.sity, College,or Buldic Institu¬ 
tion for Researcli or 'r(‘ac}ung, the number of the Laboratories tlicnun, tlic pur¬ 
pose or purposes to which the Spirits are. to be a))])lied, the liulk (luanlity likely 
to be reipiired in the course of ay(‘ar,and, if it amounts to .V) gallons or upwards, 
tlie name or names of one or more Sun‘t ics, or a (luaranteo Society, to join in a 
Ixind that the Spirits will U‘ used solely for the purjiose re<iuesled and at the 
place specified. 

2. The Spirits received at any oiu* Institution must, only lie us('d in the 

Laboratories of that Institution,and must not be distributed for u.se in the 
Laboratories of any other Institution, or us(‘d lor any ot lier purpose than those 
uuthoiiH'd. . , 

‘.i. Only plain Britisli Spirits or unsweetened Foreign Spirits of not leal 
strtmgth than .50 degrees overjiroof (be. containing not less than HO per cen)L 
by weight of absolute alcohol) may he rcH-eiveii duty free, and the differential 
duty must jiaid on the Foreign Sjiirits. 

4. The Spirits must be received under Bond eitlier from a distillery or trom 
an Excise or Cust.oms g(*neral waix*li(mst‘ and (except with special permission) 
in (piantities of not less f.liaii 0 bulk gallons at a time. They will be obtainable 
only on presentation of a TX*quisitinn sigiu'd by the proper Supervisor. 

5. On the arrival of the Spirits at the Institut ion, the proper Revenue Officer 
should Ixj informed, and the vessels, ca.sks, or packages containing them are 
not to be opened until he lias taken account of the Spirits. 

6. The stoi'k of Spirits in oa^li Insiitul ion must be kept under lock in a special 
compartment under the control of a professor or some responsible Officer of the 
University, College, or Institution. 

7. The Spirits received by the responsible Officer of the Institution may be 
distributed by him undiluted to any of the Laboratories on the same premises. 

8. No distribution of Spirits may lie made from the Receiving Laboratory 
to other Laboratories which are not within the same premises. 

9. A Stock Book must be provided and kept at the Receiving Laboratory 
in which is to be entered on the debit side an account of tlic bulk and proof 
gallons of Spirits received with the date of receipt, and on the credit side an 
account of the bulk and proof gallons distributed to the other Laboratories. 
A Stock Book must also l)e kept at each other Laboratory in which must be 
entered on the day of receipt an account of the bulk and proof gallons of Spirits 
received from the Receiving Laboratory. 

These books must be open at all times to the inspection of the Revenue 
Officer, and he w'ill be at Hlierty to make any abstract from them which he 
may consider necessary. 

10. Tlie quantity of Spirits in Stock at any one time must not exceed half 
the estimated quantity required in a year wher^ that quantity amounts to 
20 gallons or upwards. 
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11. Any contravention of the regulations may involve the withdrawal of the 
Board’s authority to use duty-free Spirits. 

12. It must be understood that the Board of Inland Revenue reserve to 
themselves full discretion to withhold permission for the use of duty-free Spirit 
in any case in which the circumstances may not seem to them to be such as to 
warrant the grant of it. They have already decided that the use of duty-free 
Spirit for the preservation of Natural History or other specimens cannot Ire 
allowed. 

• .1. B. Meers, Secretary. ' 

Inland Revenue, Somehset Hou.se, W. C., December, 1902. 

Note. —"Proof Spirit” is defined by law to Ire such spirit as at the tempera¬ 
ture of 51“ Fahrenheit shall weigh j; of an erpial measure of distilled water. 

Taking wal.cr at .51“ Fahrenheit as unity, the s|)ecific gravity of "proof spirit” 
at 51“ Fahrenheit is .9230iS. When such sjiirit is raised to Hie more usual tempera¬ 
ture of 00“ Fahrenlieit, its specific gravity compared with water at 60“ Fahrenheit 
is .919S1. 

’I’o calculate the quantity of spirits at proof in a given quantity of spirit over or 
under proof strength; MulHidy the quantity of spirit by the number of degrees of 
strength of the .spirit and divide the jiroduct by 100. The number of degrees of 
strength of any s|nrit is 100 p/us the number of degrees overproof, or minus the 
number of degrees underproof. 

Example; 19.S gallons of spirits at 61.5 overproof. 

100 r6t.5-- lfit.5 proof strength. 
l()4.5X19..S-:100 = .'i2..571, 
taken as 32.5 gallons at jiroof. 


Appendix No. II. 

B.- ABSTRACT OF THE APPROXIMATE QT^ANTITIES OF tlNMINERAL- 
ISl'iD METHV'b.VrEI) SPIHI'I’S USED IN MANUFACTURINO OPERA¬ 
TIONS AND FOR OTHER PURPOSE,S IN THE UNITED KINGDOM 
DURING THE YEAR ENDED 31»t MARCH, 1901. 


{Prepared jrom injormalion supplied by Supervisors oj Inland Revenue to the Govern¬ 
ment lAihoraiory in May, 1901.) 


1 

2 

3 

4 
6 
6 

7 

8 

9 

10 

11 

12 

13 


Nature of Manutarturmc 0|»uatioiis or Other Purposes for which the 
Spirit wa-s Used. 


Making " finish,” varnishes, lacquers, stains, paints, enamels, etc. 

So.up manufacture. 

Hat-making. 

Celluloid, Xylonite,etc. 

Ether, Chloroform, and Iodoform. 

Fulminates, smokeless powder, and other explosives (including 

WarOHicc and Admiralty). 

Preparation of solid medicinal extracts, medicaments, fine 

chemicals, etc. 

Dissolving dyes and colours, and for dyeing and cleaning opera¬ 
tions, etc. 

M.aking photographic plate.s, emulsion,?, films, etc. 

Making linoleum, pegamoid, lincnista walton, and similar goods 
Making embrocations, lotions, liniments, cattle and other medi¬ 
cines. 

Making filaments, etc., in the incandescent electric-lamp manu¬ 
facture. 

In piano-making. 


Number of 
.Gallons Used, 


1,221,013 

144,384 

121,104 

106,589 

97,906 

48,052 

39,637 

28,943 

24,667 

21,128 

15,410 

14,964 
7,510 ‘ 
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Approxim.ite Qc.\ntitie8 ok Unmineralised Methylated Spirits Used in 
Manopactuuing Opehations—C oniiftuerf. 


Number of 
Gallons 


8,434 

5,657 

2,720 

1,564 

1,600 

1,150 

1,669 

4,180 

477 

.590 

4.50 

1,040 

40 i 
205 
128 
197 


1,487 


33,780 

30,624 

1,987,695 


OllSEIlVATIONS. 

The returns from whidi the Abstract has been prepared are in a very condensed 
form, and do not give in detail the various purposes for which the spirit is used 
nor tlic quantities used for cacii puq)o.sc wlicn there are several. In some ca8c,s, 
therefore, it ha.s been necessary to esiiniato the probable quantities assigned to- 
each liead, and the figures inirsl therefore l>e taken as appro.ximate only. In the 
case of the largest users, however, then' is no difficulty. The “Ether,” “Solid 
Medicinal Extracts,” and “Lotions” are the most doubtful, as most makers use- 
the spirit for all three purposes. 

On the whole, however, the figures given are probably very nearly correct. 

The “quantities” are tlie quantities receivi'd during the year by the users. 

TTio total, 1,987,665 gallons, compares with 2,07.5,,514 gallons, the estimated 
uantity of unmineralised methylateil spirit made during the year, showing a 
eficiency of 87,849, or a little over 4 per cent., due partly to waste and partly 
probably to the imperfections in the returns. 

it is' not possible to make any separation lietween “Finish" and “Varnishes,” 
etc., properly so-called, but as “Finish” is itself almost entirely used for making 
varnishes, or for thinning or manipulating those already made and for polishing 
purfioscs, any distinction would not be of much value. 

The Mineraliml or Retail Methi/hlcd SpirU is used mainly for burning in spirit 
lamps, for cleansing and domestic purposes generally, and also to some extent for 
mixing with paints, stains, varnishes, etc., and for polishing purposes by cabinet¬ 
makers, etc. 


14 

15 

16 
17 
IS 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 


31 


32 


Nature of Muuufaelurmg Openitions or Other Purposes f<»r which the 
Spirit wus Used. 


Tn silk, crape, and embroidery manufactures, mainly for stiff¬ 
ening... 

In the manufaeture of aniline and other dyes and colours. 

In making fireworks. 

Plant washes, insticlieides, etc. 

In the manufacture of rubber. 

For cleaning paint. 

In the manufacture of steel pens. 

Making blacking and leatlier dressings. 

In ‘ ‘ silvering mirrors, c*t c. 

Ineorset-making. 

Makiiig sheep dips. 

Preparing surgical dressings. 

Adjusting hydrometers, and in making compasses, thermome¬ 
ters, and other instruments... 

In oil-refining. 

Eleeirotyping. 

Making inks. 

Various miscellaneous manufacl.ures, etc., engraving, ])rass- 
foiinding, watcli-mAaking, oliina-making, printers’ rollers, 
i)laek lead, candle-making, artificial silk, artificial flowers, 
calico-printing, cotton yarn, ropes, oilgasgenmators, etc.. .. 
Preserving specimens in nuisiMims, hospitals, infirmaries, etc., 
for burning in lamps, waslu's, lotions, and other purposes in 
hospitals, infirinaries. and similar institutions, and also for 

laboratories and ediicat ional ])ur}H>ses. 

For flic War Olliee and Admiralty requirements, cliiefly at 
Woolwich and Dockyards... 


Total. 
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Appendix No. II. 

C.-COMPARISON OF THE QUANTJ T Y OK SPIRITS, ETC., USED IN MAKING 
MEl'HYIATED SPIRITS, AND OF THE METHYLATED SPIRITS PRO¬ 
DUCED, FOR THE FIVE YEARS ENDING 31st MARCH, 1!)04. 


Year 
Ending 
3l8t March. 

Proof (lallons of Spirits 
Delivered for Methylation. 

1 Total, 

1 

Average 

Strength. 

(Juantity in 
Bulk of Spirits 
Methylated. 


British. 

Foreign. 



Gallons. 





0. p. 


1900 

4,978,027 

0,245 

4,984,272 

03,7 

3,043,485 

1901 

.5,070.713 

120,332 

5,191,045 

04.3 

3,1.58,442 

1902 

4,040,770 

027,410 

rj,2(>H,lS0 

04.3 

3,200,214 

1903 

4,2:{9,rxss 

1,210.001 

r>,4.')i ,oso 

04.9 

3,305,.502 

1904 

.'■).0.')4,58G 

334,140 

,5,:i88,720f 

03,5 

3,295,485 


Wood- 

Oidinurv 

(Uniiimeiulised) 

Methvluli’fl 

Mineral 

Mineralised 

Methylated 

Total. 

Year 
Ending 
3l.st Marcli. 

Naiihtha I'scd. 

Spirits foi 
Mailufui-tunng 
I'm ptfses 

Naphtha. 

Spirit for 

Bet ail Sale 


Gallons. 

(lalloDH 

Gallons. 

Gallons. 

Gallons. 

1900 

338,105 

2,058,4.50 

4,9(>2 

1,328,102 

3,386,612 

3,,514,757 

1901 

; ihw.o.ss 

2.07,5,514 

5,377 

1,439,243 

1<M)2 

3.50,240 

2,1,57,127 

.'),270 

1,410,003 

3,.567,730 

190.3 

307,278 

2,213,.5,H0 

5,472 

1,404,072 

3,678,2.52 

1904 

M.Kir) 

2,139,784* 

5,707 

: 1,527,573 

1 

3,667,357 
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REGULATIONS AS REGARDS USE OF SPIRIT FOR INDUSTRIAL, 
ETC., PURPOSES IN GICRMANY. 

Taxes on Spirit. 

The spirit taxes in Gennany are levied in so many different ways that it is 
difficult to arrive at any very accurate estimate of the average rate. 

Customs. 

On imported spirits of all kinds, including Arrack, Rum, French Brandy, and 
mixed spirits: 


* The decrease in 1903-4 is mainly duo to the fact that certain firms, c q., the British Xyionit« 
Company, Nobels, and Leitch & Company, have been allowed the use or duty-free alcohol de¬ 
natured by other Bul>stunces than wood-naphtha. 

The total quantity so allowed in 1903-4 was 206,4r)2 proof gallons, which would be 125,885 
bulk gallons at 64* o.p. (93.5 per cent leal alcohol). 
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Lwueurs . 240 marks 

All other Spirits — , 

(a) In casks. 160 “ 

(b) In holtlcB, flasks, and other vessels, 240 marks for every 100 
kilograms (220 lbs.), i.e., from about T^d. to Is. Id. per lb. 

But the tax has appanmtly to l>e paid on tlu‘ gross weight of vessel and con¬ 
tents, and no satisfactory coniparisoti with the British system can, therefore, !« 
inad(‘. From hs. to 10s. per proof gallon may be taken as an approximate estimate, 
according to the character of the sj)iiit. am! the vess<*ls containing it. 

Hamburg, Cuxhaven, Ri*emerhaven, and (iesteinund(‘, and some other places, 
are not included in the Spirit Tax Union, and spirits coming Iroin tlu'se “free cities” 
into otlier ])aitK of the German Einpin* have to pay the customs taxes. 

Excise. 

Each, distillery is allowcfl to produce a certain fixed quantity of spirit annually, 
called “'Hie (Wtingent,” on winch is paid a “Uorssumption 'fax” (“Verbraucli- 
sjibgalx'”) of 50 marks per lioctolitn* of pure alcohol. On any excess production 
over the “Contingent” 70 marks ]>er hoctolitn' is ehargt‘d. 

Tlie “Coritiiigent” may be increased or de(‘reas(‘d for vari^uis reasons at any 
tini(‘, and tlien* is a genera! revision once every fiv(‘ years. 

Various otluw taxes are also levied. For these, (ierman distilleries are divided 
into thrcH; classes: 

1. “Iriihislruil Dinlillrricti” ((l(‘werbliche Brimnereien) carried on by indi¬ 
viduals or companies solely for inairnfaciuring pnr|)ost‘s. These Distilleries have 
lo pay per hectolitre of pure aleoliol in addition (o the “ ('onsiimplion Tax” 

(o) an “mldition” (Zuschlag) of from 10 to 20 marks. 

(h) a “distilling tax” (Hrennste\ier) o! from 2 to GJ marks. 

Distilleries producing not more than 200 heclolilres of pure alcohol annually 
(7,700 proof gallons) aiv exempt from the “Distilling Tax,” and the smaller dis¬ 
tilleries pay the lower rat<‘s according to fixed scales. 

2. “Agricultural DiKlilUria^” (I^and^irlJuselmltliclie lirenmroien) are those 
using as raw materials potatoes or grain grown on the owners’ farms, or on the 
farms of one or moi’e of tiH‘ owners, if the Distilh'ry helongs to a society or com¬ 
pany. 'i’hesopay modified “mlditions” of from 10 to 20 marks per liectolitre of 
pure alcohol, and are exiunpt from the “Distilling 'lax,” or ])ay only from 1 to 3 
marks per hectolitre; or instead of those taxes they may elect to pay a “Fer¬ 
mentin' vat tax” (Maischbot.liehsteucr) of from 0.780 mark to 1.31 mark per 
hectolitre on the fermenting vat eapueity for each fermentation. 

3. “Material Distilleries*' (Matcrialbrennereien) are those using berries, 
fruits, wine lees, grape pressings, etc. 

These appear to be all very small, many of them making no more than 11 to 
22 gallons of alcohol annually. In addition to the “(’onsiimption tax” of 5S 
marks, they pay from 0.10 to 0.85 mark pier hectolitre of material used. 

'J’he total average tax on spirits produced in “Industrial Distilleries” is esti¬ 
mated at not more than 70 marks per hectolitre of pure alcohol, equivalent to 
about Is. 9d. per proof gallon, and in the “ Agru-ultural Distilleries” at somewhat 
less—00 to 65 inarks per hectolitre—or al>out Is. 7d. to Is. 8d. per proof gallon. 
By far the greater proportion of the spirit made in Germany is produced by the 
‘^Agricultural Distilleries.” 


DUTY-FREE ALCOHOL. 

Abstract of the German Regulations. 

Spirit for employment in Industrial operations, vinegar making, cleaning, 
heating, cooking, or lighting, as well as for educational or scientific purposes, 
may, aiter having lieen denatured according to the regulations, or in special cases 
w-ithout denaturing, on proof of the spirit having been so used, be granted freedom 
from the spirit taxes on the following conditions: 

The freedom from duty includes— 

(а) The release from the “ eonsumption” tax and its “additions” ' 

(б) The refuftding of the “fermenting vat” tax at the rate of 0.16 mark 

per litre of pure alcohol so far as the spirit has been subjected to it. 
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(c) The return of the distilling*^ tax at the rate of 0.06 mark per litre of 
pure alcohol. , 

Duty-paid spirit and spirit containing more tlxan 1 per cent, of fusel oil are 
not admitted lor denaturing. 

The denaturing is either complete, i.e., such as is deemed sufficient to make 
the spirit undrinkable, or incompkle, t.c., such as requires the employment of 
other means for the jirevention ol the improper employment of such spirit. 

General denaturing agent for complete denaturing: 

4 parts ot vvood-naplitiia, and 
1 part pyridine bases, 

to each litre ol whi<4i may f^e added /lO grams of lavender oil or rosemary oil. 

Of this niixtur(‘ ‘2^ lit.n*s ujv added to each hccluUtre of alcohol. 

(German Methylated Spirit, thcrefon^ contains 2 per cent, wood-naphtha and 
0.5 per cent, pyridine bases, with optionally .125 per cent., of a lavender or rose¬ 
mary oil.) 

'rlie mixing ot the general ilenaturing substance can only lie carried out by 
persons who have obtained special autliority for the jmrpose from the chief 
Inland llevenue OfUi'e of t-lic district where tlic mixing establislimeiits arc situated. 
Auth()ris<‘d methylators have to providi* rooms and vessels for storing and mixii^ 
the denaturing ^ents, all materials and implement.s necessary, and to give the 
officials tt'c lequisitc assistance in sampling the di'iiaturing snbstancc.s and in the 
mixing tlicm with tin* spirit. 'J’liey have also to provide books of an official 
pattern for entering the particulars of the mixings and ot th(^ sale and transport 
of till! di'iiatured spirit. 

Tlic denaturing may take place in special vats erected for the purpose, or in 
the casks or other vessids usial to transport, tlie alcoliol. Not less than a hecto¬ 
litre (22 gallons) of alcohol can be denatured at a time. Before denaturing the 
aleoliolic strengtli and (piantity of spirit in eaidi vessel is ciieeked by the Excise 
Officer, unless such spirit lias been .sent in vi'sseis under special revenue seals, 
and wliieh are found intact on examii^ation. The wood-naphtha and pyridine 
bases UM‘<1 tor denaturing must first. b(‘ examini^d aiul approved by official chemists, 
sample's being taken tor this purpo.se from the v(‘ssc*ls used lor storine thes(» mate¬ 
rials, wliieli remain under revenue control from tii(‘ time the samj)lc is taken until 
mixed witli the si)irit. The store vessels mu.st contain not less than 100 litres 
(22 gallons) of the denaturing agents when sampled. The Excise Officers are 
directed to see that the di'iiaturing materials arc thoroughly mixed with tlie spirit. 

The nature of the oflieial examinaliou of the wood-naphiha is described in 
the official directions printed on page 256, from which llie character of the sub¬ 
stance used can be gathered. As compared with the British type of denaturing 
wood-naphtha the German wood-naphtha is of a more impure character, i.e., it 
♦contains a much larger proportion of acetone, and other substances, and less 
methyl alcohol. 

'J’he pyridine bases an* used mainly to increase the nauseous character of the 
methylated spirit, and si-rve pra<'tkally the same purpose as the mineral naphtha 
used in the United Kingdom and in France. 

F(»r use in motor-<*ars and other internal combustion engines, etc., alcohol 
may alw be completely d(‘nalur(*d by the addition of U litres of the “general” 
denaturing agent and J litre ot a solution of methyl violet dye, t(^cther with from 
2 to 20 litres of benzol t o every 100 litres of alcohol. 

The ordinary completely denatured spirit and the motor-ear spirit may be 
sold by persons who are authorisi'd to do so by the Administration. Written 
application for a licence has to l>e made to the superior Excise official, who may 
exercise his discretion as to whether a licence should Iw given, and the licence 
may he withdrawn at any time if it appears advisable to disallow’the sale in any 
partiwdar shop. Before obtaining a licence notification must be given to the 
police. 

The ordinary completely denatured spirit is intended for sale by retail, and 
may be used for any industrial purpose; for cleansing, heating, lighting and cook¬ 
ing,' as well as for educational and medicinal purfioses; but must not be present 
in any substance intended for human consumption, and no attempt must be made 
to purify such spirit, or to add anything to it to disguise its taste or smell, nor 
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must it be diluted under 85“ (49 o.p.). Heavy penalties are imposed for any 
contravention of the regulations. ...... 

The general control over the retail sale of the denatured spirit is very similar 
to that imposed in this country, Init the police appear to be more directly con¬ 
cerned in preventing irregularities than with us. 

For general use on a large scale lor industrial and manufacturing processes 
of all kinds, what is called “wood Spirit denatured” alcohol is allow'cd to be made 
and sold under special conditions. This denatured spirit consists of a mixture 
of KK) litres of alcohol of not less tlian 90® (58 o.p.) with 5 lit res of wood-naphtha. 

The denaturing of this sjiirit may take plac<* either at tlie works w’herc it is 
to be us(‘d or on the promises of authorised incthylators. In the latter ease the 
rt!<yulations as to mixing, storing, etc., arc the same as m the case of the completely 
dcnatim'd spirit. Permission to sell this “wood spirit denatured” alcohol can only 
1)0 granted by the Chief Office, and makers who sell this “wood spirit denatured” 
alcohol have to keep an official “Oontrol Book” in which lias to be entered par¬ 
ticulars of all spirit denatured, and of every sale of such spirit.^ A balance is 
struck annually and duty is charged on any material loss or deficiency that may 
lie shown unless sati.sfactory explanations can be given. Such spirit can only 
1)0 sold to factories w'hich can show a lici^nei* to buy “wood-spirit d(*natured” 
alcohol. Any penson wishing to obtain a “buying liciuice” must apply to the eJiief 
office of the province in which the factory where such spirit is to in) used is situated. 
Full particulars of the purpose's for which the sjiirit is reiiuired must bo. given. 
No person engaged in the spirit trade*, or w’ho sells denatured or undenatured 
spirit, can obtain a licence, and a licence may be refused if any facts are know'n 
wiiicli render tin* use of denatured spirit, in any factory undesiralile. A licence is 
only given for one year, and the maximum (pianl ily allowed cannot be exceeded 
without special authority. The “buying licence” must be produced eacli time 
any metliylated spirit is pnrcliased. The seller must ent{*r on the licence the 
quantity sold, adding liis name and the date, and must also enter eaeli sale in 
an official “Control Book.” Not less than 2 litres (] gallon) may lie sold at a 
time, and the seller must see that thi* maximum annual (piaiitity shown on (he 
“buying licence” has not already bwn supplied to the (luyer. 

The buyer must enter every purchasi* in a “Control Book” kept at the works. 
From these entries in the “(^uitrol 15ooks” tin* buying and selling accounts are 
checked and the annual (juantities allowed at, each factory are fixed. 

The denatured spirit must U* stored in a sp(‘cial compartment at the factory, 
and on each occasion fliat. any of it is removed for use* in the works an entry of 
the (juantity and particular purpose for which it is to ho used must be made in 
the “Control Book,” and a note must, also iie enter(*d of the pages of the factory 
work books and the official laisiness books in which particulars are to Ik* found 
on the production, storage, and sali* of the articles or substances in the manu¬ 
facture of which the methylated spirit, has been used. 

(.)n the demand of tlie superior Officers of the Administration these books and 
busines.s books must be produced for their inspi'Ct.ion. 

Where this “wood-naphtha denatun'd” alcohol, or the “completely denatured” 
alcohol is unsuitable lor any particular manufacture special denaturing agents 
may fie allowed. Denaturing with special reagents can only lie made at the fac¬ 
tories wliero the alcohol is to l)e us(*d, and permis.sion must first be obtained from 
tlie Cliief Office of the Province for the use of such sfiirit. 

All tlie special substances sanctioned for denaturing purposes liave to ho tested 
by an official chemist according to officially descrilied methods, and the users 
of the denatured spirit have to pay for the anlayses as well as to provide the de¬ 
naturing 8iil)stances, and proper stores, vessels, etc., for keeping and mixing the 
approved reagents with the alcoliol. 

Tlie mixing takes place in the presence of officials, and the quantities 61 each 
kind of spi*cially denaturc'd alcoliol have to bi* entered in a separate opening of 
the “Control Book,” kept in siqiaratc vessels or compartments at the factory, 
and used under conditions applicable to the “wood-naplitha denatured” alcoliol 
already described. 

A stock account of the amount of all denatured spirit on the premises of users 
of such spirit is to l>e taken at least once a year. The entries in the “Control 
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Book” of the spirit received and used are to be checked, and the result of the 
comparison submitted to tiie Chief Office. Payment oi duty on any loss ol spirit 
shown by the account may be imposed, but only when theie is leason to believe 
that the spirit has been used in illegal ways. 

Denatured spirit may l)c recovered in any manutacturing operation, but per¬ 
mission must first be obtained. 'I'hc rccovercjd spirit may fw used again for the 
same purpose as that lor winch it was previously used. If used for otlier pur- 
post^s, or if It is purified, it has to be again denatim'd and treated as fresh de¬ 
natured spirit, it exempted from repeated denaturing samples ar(i to be taken 
and examined, at the (!ost of tlie user, by an official chiimist in order to determine 
wlietlier it reniains unfit for consumption. Recovered spirit may liave to be 
stored in oflicially sealed v(‘sscls till again denatumd. Incompletely denatured 
spirit must not lx* rtmiovcd jrom tlie usits premises. 

For incomplete denaturing l.h(‘ following substances (spi^cial denaturing agents) 
may lie used, 'fhey are to lx* added tor denaturing purposes in the undernoted 
quantities per 100 litres of the spirit. 

(tt) For industrial uses ot all kinds: 

5 litres of wood spirit, 
or 0.5 “ pyridine bases. 

(6) For the production of brewers' varnisli and similar substances: 

20 litre.s of a slndlae solution, which is made liy adding 1 part by 
weight, of sliellae in 2 pari.s by weiglit of spirit of at lea.st 90® (58 
o.f).), are added to tlie spirit. 

In this case the aicoliol in tlie .shellae stiliition it made under official super¬ 
vision is also allowed exemption from duty. , 

(c) For tli(‘ pnMluction of celluloid and pegamoid: 

1 kilogram of camphor, 
or 2 lit ri's of t urpentine, 
or Hire benzol. 

(d) For the production of the following substances: 

1. Ether, ordinary (witli certain limitations and regulations as to 

sale and ust'); 

2. Ethyl sulphuric salts; 

3. Agariein, | odophyliin, soammony, guiacum and jalap resins, as 

well as other rc*sins and gum nvsins; 

4. Ald(‘liyde and parahhdiyde; 

5. Wliite lead and acetate of lead; 

b. Ethyl cldoruie, liromide, and iodide; 

7. Fhotograpluc paper and dry plates, and emulsions of chloride, 

bromide and iodide of silver and gelatin, and similar prepara¬ 
tions; 

8. Chloral hy(lrat.(‘; 

9. Kleetrod('s lor electric storage batteries; 

10. Aeetie etlier (w’ifh certain limitations as to sale and use); 

11. (ilucosides; 

12. Kublx'r preparations; 

13. Collodion, and bromine, cldoride and iodide of silver emulsions of 

collodion; 

14. Pancn‘atin, alkaloids, santonin, tannin, and salicylic acid and its 

salts; 

15. Coal-tar colours, including substances used in obtaining them, and 

intermediate products; 

16. Chemical preparations (not otlierwise named) which do not retain 

any spirit when finished (except formic ether, valerianic ether 

and butyric ether); 

10 litres of sulphuric ether, 
or 1 litre of benzol, 
or J “ “ turpentine, 

or 0.025 litre ot animal oil. 

Collodion for sale must contain at least 1/lOOth of its weight of guncotton. 
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(e) For the preparation of chloroform: 

300 grams of chloroform. 

(/) For the production ot vinegar; 

200 litres vinegar containing 3 per cent, acetic acid, 

or 150 “ “ 4 “ “ “ 

or 100 “ “ “ 0 “ “ “ “ 

and 100 litres of water, 

and so on, 

or .50 litres vinegar containing 12 per cent, acetic acid 
and 100 litres of water, 

or 30 “ “ fontaininu; 6 i)er cent, acetic acid 

and 70 litres of water, 
and 100 “ " “ 

Any excess of the quantity of acetic acid in the vinegar mixture or of the spirit 
are to 1)0 allowed for, and the ivuter may )m* ri'plucod entirely or in part by an 
equal quantity of beer, glattwa?ser, or natural wine, 

(fj) For making inks, si'aling wax, and stamping inks; 

0..5 )itn* of turpentine, 
or 0.025 litn* of animal oil. 

(h) For making lu'dsti'ad enamels, and brewers varnish, as well as for use 
in incandescent lamps, lor finishing silk ribbons, and for cleansing 
jewellery, etc.: 

(1.5 litre of turpentine. 

(t) For making iodoform: 

200 grams iodoform. 

The iodoform may U‘ dissolveil in part of the spirit, and the solution then 
added to the remainder of the spirit.. 

(A) For vaniisiies and ]?olisties of ail kinds: 

2 litres of wood spirit ami 2 litn-s petroleum benzin, 
or 0.5 litre of turpentine. 

Polislies and varnislies not for* use in the works of the makers, but for sale, 
must contain at least 1/lOth part of their weight of shellac or otlM*r resin. 

(/) For pn?paring medical, botanical and zoological preparations for educa¬ 
tional purposes: 

1 litre (comimueially purt') methyl alcoliol, 
and 1 " petrolemu benzin. 

(w) Soaj)-making: 

1 kilogram of castor oil and 400 c.c. of soda solution. 

The denaturing materials may 1 k‘ dissolved by heating in part of th6 ^irit, 
and the solution then adiled to the rmnanider of the spirit. 

(n) For the produetion of wool fat (lanoline)’ 

5 litres of petroleum Ixuizin. 

Spirit is only allowed duly free for tlie production of ether and acetic ether 
under the proviso that they are (under official control) either exported; or else 
used at home for industrial uses; or for the purpost* of testing in scientific and 
technical trades or prolessions; or for the production of materials for surgical 
bandages, but not for ether-containing medicines; or lor making fulminates, 
emokeless powders, and other munitions of war; or for use in certain Public Insti¬ 
tutions. So far as the ether and acetic ether are not used by the maker, but are 
sent, to other worksliops, or to the namid institutions and factories, the regular 
tions as to obtaining a licence for buying, selling and using, as well as to the keying 
of a control book by the stjllers, arc the same as in the case ot “wood*nawtha 
denatured" spirit. ^ 

It \Yill be reipiired also that the buyers, by means of their business anff manu- 
faefuring books, or by special books, shall enter tlie particulars of the use of the 
ether and acetic ether. ^ ^ ... 

A buyer's licence for ether made from duty-free spirit can also be given if 
the ether is to l>c exported by the buyer, or is to be sent to an authorised indu^ 
trial user, institution or factory. The intermediate merchant in these cases is 
under the same control as the maker of etlier for sale. Tlie Superintending Officers 
can permit ether-makers to change ether which has been made from duty-free 
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spirit into taxed ether so that it may be used or sold for the uses excepted in para¬ 
graph!. 

In this case the ether is to be notified for taxing, its weight officially taken, 
and the proper duty, on the basis of l.G litre of alcohol for each kilogram of ether, 
is to \)e assessed. If the spirit used is subject to any other charges the highest 
charge is to Iw taken. 

More particular rt^gulations are made by the Chief Office. 

The denaturing of R|)irit with 0.5 litre of turpentine for cleaning bijouterie, 
andjor making polishes and lacqinsr varnishes which are to be used tor lead pencils, 
toys, and clwk-inakiug can also be permitted in the existing districts ol the Chief 
Imperial Finance Minwtry even wlien the spirit is not to be used m the factory 
of tlie applicant, but is to be sent to otlier fac^tori(5s. The regulations as to the 
sale and use of ‘‘turpentine denatured spirit” arc the same as for “wood-naphtha 
denatured” spirit. 


PURE DUTY-FREE ALCOHOb. 

Pure alcohol 7rH.hout flenaiuriiuj may bo delievert'd duty free— 

‘ (o) To errUvin IJofijniatfi, Lying-in lIospifnlH, and Lunatic Asylums, as well as 

to Public Scientific Institutions. 

Permission has first to Is? o])tain(Hl from the Chief Olfice of the Province, and 
an application must be made in writing stating the purposes for wliich the spirit 
is to be used, and the extrt*me annual rpiantity required. The quantities allowed 
arc fix(*d by tlie Clnef Office and revis(‘d ev(‘ry thnn* years. Not less than 25 litres 
(5J gallons) can Ik* n*ceived at at inn*. \ stock lK)okhastobe k(*pt by some specially 
aesignated official of the Institution, in which is to l»c eut(‘red particulars of the 
receipt and tise of the spirit. Tiie spirit may h(* used only ik.sw/c thes(* Institutions 
for gf'neral scientific and h(‘afing puqmses and it mak(‘s no difTer(*ncc \vlH*th(*r tlie 
spirit is directly ust'd for the st)ecified purposes or only indirectly so tised, r.g., to 
cleair instruments, to disinfect the 0 |X)rators oi* operating tables, or for heating 
inhalation apparatus, etc. 

OtherwiM’, the spirit can only Ik* used for (lu* piin>os(*s stated. It is specially 
forbiddeii to give the spirit other persons, or to take it outsidf? the In.stitutions 
except by specual pennission of the Cliief Office. Duty-free ctlier and acetic ether 
are allowed in tl»e Institutions under similar reg»dalions. 

(6) For making fimokrlcua pon'oem, /ri.se.v, and fulminaici^, as well as for making 
the varnishes ns“(l in finishing these substances. 

Permission lias to be ol)tained ami the same regulations as are applicable to the 
buying, storage, ami iiw* of “wood-naplitiia denatur'd” spirit, and the keeping 
of “control Imoks” and otln'r account s, are enforced. At large works stock is t^en 
at fre(]uent intervals, and thc're is generally a somewhat more stringent super¬ 
vision by tlie Excise Officers. Permission may he granted for recovery of any 
spirit iis<*d in tlie manufacturing operations. The spirit must only be used inside 
the factories and must not under any circumstances be removed from the works. 
Duty may Ik* charged on any unexplained loss or defieiency sliown at the stock 
takings. Duty-free ether and acetic ether are allowed in these factories under 
similar regulations. 

Pure undenafured alcohol was formerly allowed to be used by apothecaries, 
medicine-makers, druggists, doctors, and vet erinary surgeons for the preparation of 
some 80 tinctures, spirits and li(piors according to the formulie of the Gennan 
pharmacopeia and otlier authorised formulie, and also for doctors’ prescriptions 
and for'making bandages, etc. This privilege was withdrawn in October, 1902, 
and all medicines have now to fie prepared with duty-paid sjiirit. 

No foreign suin't of any kind, nor any mixtures containing spirit, or substances 
made from spirit, appear to lie allowed to Ik* used duty free in Germany. All 
imported alcohol, alcoholic mixtures and derivatives have to pay the Customs duties 
before being delivered for use. 
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INSTRUCITONS FOR TESTING WOOD-NAPHTHA. 

1. Colour. This shall not be darker than that ot a solution made by dissolving 
2 c.c. ot n/10 iodine in 1,000 c.c. of distilled water. 

2. Hotiuifi Point. 100 c.c. placed in a short-ncfkod copper fla.sk of about 
lSO-200 e.e. capiu'ity is iilaced on an aslwslo.s plate having a circular hole of 30 mm. 
diameter. Into the neck ol this lla.sk i.s [daced a fractionating tube 12 mm. vide 
an(i 170 min. long, with its side tube connected to a Liebig’s condenser at least 
400 mm. long. In the Iraiuionating tube, which is provided with a bulb about 
a centimetre Iwlow the side tube, is placed an ollicially te.sted thcrniomel.cr with a 
scale ranging from 0° C. to 200” C., so that its mercury bulb is in the middle ol the 
bull). 'The Hack is heati'd so that tiie di.st illation proceeds at about the rate ol 5 c.c. 
per minute. The distillate is collected in a cylinder graduated in c.c., and at 
75” U. with a normal baiometric ])ressurc of 700 mm. at least. 90 c.c. shall l)e col¬ 
lected. If the barometer is not. at 700 mm. during the distillation 1° 0. shall be 
allowed for every variation of 30 mm., e./j. at 770 mm. 90 c.c. shall distil at 75”.3 C. 
ami at. 7.50 mm. 90 c.c. at 74”.7 G. 

3. Mwiliilil;/ with wnkr. 20 c.c. wood spirit mixed with 40 c.c. water shall 
give a clear or only .slightly opalescent solution. 

4. Acetone Content. 

(a) Separulwn on tmxim) with .soi/a .'tohition. 

20 c.c. of wood .spirit arc .shaken with 40 c.c. of soda solution of S.G. 1.300. 

At least 5 c.c. of wood sjiirit must separate alter st.anding lor half an hour. 

(5) Titratwn. 

1 c.c. of a nii.xtun' of 10 c.c. of wood s|>iril. with 90 c.c. of water is mixed with 
10 c.c. of double normal soda solution. Then 50 c.c. ot n/10 iodine solution are 
added with continual shaking and the mixture allowed to remain at least for three 
minutes. Tlien excess of dilute gulphuric acid is added, and the excess of iodine 
titrated with n/10 hy|)o and starch .solution. At least 22 c.c. ol n/10 iodine solu¬ 
tion sliall be reipiired for the acetone. 

5. Bromine Absorption. IIK) c.c. of a solution of KBrO. and KBr (made up 
as undei) are acidified by the addition ot 20 c.c. of dilute 11 SO, (S.G. 1.290). T’o 
this mixture the sjiirit is added drop liy drop from a burette so long as any colour 
remains on sliaking. The addition shall Ih' so arranged that in one niiimie 10 c.c. 
of spirit .shall be added. Not more than 30 c.c. shall be re(|iiired for decolouration, 
and not less than 20 c.c. This te.st must lx‘ done in full daylight, and the tempera¬ 
ture should not exceed 20” (1. 

lirominc Solution.—Alter at least two hours’ drying at 100° (1. and cooling 
ill an exsiccator, 2.447 grams ol KHrO, ai^ 8.719 grams of KBr ot tested purity 
are dissolved in water, and the solution made up to 1 litri'. 

The following tables [(cl (5) (')] show, for I he three years ended 30th September, 
1903, (o) the quantities of dut y-free sjiirits issued for u.se in Germany, (h) the quan¬ 
tities denatured of tlie sevcriil methods allowed, and (c) the quantities used for 
particular manufactures, etc. 
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( a ) Quantities of Duty-free Spirit issued during 1001, 1902, 1903. 


Year Ending 
30th Septomlier 

Completely 
Denatiii ed 

Ineompletely 

Denatured 

rndenatured 

Total. 


Hectolitre.^ of 

Pure Alcohol 


1901. 

782,295 

339,7,54 

33,820 

1,15.5,809 

1902 . 

704,729 

345,894 

.59,427 

1,110,0.50 

1903 . 

900,190 

300,730 

17,792 

1,278,712 

Year Kmiiiig 
30th September 

('omplelclv 

l)enatuic<l 

Incoriipleteh 

Denaliiied 

I'ndenaluied 

'lotal. 

Cipiivalenl Hulk Gallons of Pure \lcolioi. 

1901 . 

17,210,4!K) 

7,474 ,.588 

744.040 

25,429,118 

1902. 

1,5,504,038 

7,009,009 

1,307,394 * 

24,421,100 

1903. 

19,804,180 

7,930,000 

391.421* 

28,131,004 




♦The lisp of uTulpiintured duty-free spirit in tlic preparnlion of medicinal tinctures un<l pre- 
flcriptiona was f(nmerly a!lowe<l m (lermany. This privilege wan withdrawn nfte'- tlie 30th Sep- 
tembei. It>02 

The nndcnatured alcohol is now onlv allowed to l>e used duty free in certain hospitals, asyluma. 
and public scicntitic institutions, and for making Bniokcless powdeis, etc , niainlv in government 
factories 

The sudden increase from 33,S20 hectolitres in 1001 to r»9.427 hectolitres in 1902 was probably 
connected with the publication of the intention of the government to ilisallow the use of pure 
duty-free spirits for meihcinal purposes, thw intention being published a year in advance of 
the time that it was to take effect. * 
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(//) Methods of DEN^TmiNn and Quantities op Alooiiod Denatured in the 
Ykaus Ending 30th Skptkmheu, 1901, 1902, and 1903. 


IlenaliirinK Sulislancft 

Uectohtres uf Pure Aloobol, j 

Equivalent huik Gallons uf Pure 
Alcohol. 









• 1901. 

1002. 

i9o;i. i 

1 

1901. 

1902. 

1903. 

*'Compldclif denatured” 







Olfu'uil Muclure— 

A purls WoodNapli- 
1 h:i. 

1 })aiT I’yridin |■)uses. 
For (fcueral 

i 






2i Hires of Oflicial 







Mixl un*. 

782,29.5 

704,729 

870,7.3.5 

17,210,490 

1.5,.504,038 

19,150,170 

For m dor cnifiHes,cfc.— 



H litres of Ollicial 







Mixture, and 2 to 
20 lit res of Reuzol, 
colon red willi 
Methyl Violet. . 



29.4.55 



648,010 

Total “ Com) )letely d(‘- 
iiaturt'd”. 

i 


9(H), 190! 




782,29.5 

704,729 

I7,2I(),19,( 

15,.504,038 

10,804,180 

I ticoiii fdi'tdy denatured.” 
For mile 







5 hires Wood Nuph- 







lha. 

18,fi89 

18,1(14 

20,338 

411,1.58 

399,608 

447,430 

llitreTurpt'Uliiie.. 

607 

007 

039 

13,3.54 

13,3,54 

14',058 

For w.sT only in the jar- 







lori-e-s, etc., v'hera 
dniotiired- - 







Vincfiur (various pro- 







port ions). 

160,329 

60,74.8 

160,287 

1.55,838 

3,6.59,238 

l,4(i8,4.56 

3,526,314 

.3,428,436 

.025 litn; Animal Oil 

75,831' 

79,836 

l,0(i8,282' 

1,1.38,120' 

1,7.50,392 

i litre Tnrpenline. . 

50,334 

51,733i 

54,460 

1,107,348 

1,198,120 

5 litres Wood N'tha 

2,8(13! 

2,2401 

2,379 

61,06() 

49,28(1 

52,338 

10 “ Etlier. 

11,49.5 

11,210 

. 14,473 

252,.Hmi 

240,(520 

318,100 

1 kilogram Camplior. 

9,396 

9,(H)4 

«1,.510 

200,712 

211,288 

2.53,220 

2 litres Turfumline. 

5,oni 

4,035 

7,403 

110,022 

108,,570 

102,806 

1 li're Renzol. 

1,879 

3,051 

4,105 

41,3.38 

67,122 

90,310 

J ‘ ‘ Renzol.... 

1,144 

2,;i.5(i 

3,525 

2.5,l(i8 

51,832 

77,550 

1 kg. Castor Oil.. ( 
0.4 “ Soda Solut. j 

1,737 

1,710 

1,808 

38,214 

37,620 

■39,770 

20 lit res Shellac Sol. 

5 lit res Petroleum 

1,684 

1,5,86 

1,795 

37,048 

34,892 

39,409 

Ilenzin. 

993 

1,052 

992 

21,846 

23,144 

21,824 

300 gms. Cliloroform 

290 

671 

.586 

6,512 

14,762 

12,892 

i litre Pyridin bases. 

210 

.509 

539 

4,620' 

11,198 

11,858 

2(K)gms.Iodofonn. 
300 " Ethyl 

356 

324 

322 

7,832 

7,128 

7,084 

Bromide. 

1 litre Ck)mmereiallv 

1 

— ! 

1.32 

— 

— 

2,904 

pim* Methyl Aleo^l 

6 

— 

43 

132 


946 

1 litre JHr. Benzin 

2 litres Wood N’tha. 
2 ‘ ‘ Petr. Benzin. 

1 

1 

24 

7 

1,034 

'528 

154 

Total Incom. denatured. 

339,754 

345,894 

300,730 

7,474,588 

7,609,668 

7,936,000 
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(c) Maniipactures, etc., jn which “Tnoomplktelt Denatcrei)” Alcohol was 
USED IN THE Years I^nding 30th Septemhbr, 1!X)1, 1!K)2, and 1903. 


Manufacture, etc. 

Hectolitres of Pure Alcohol. 

Ihquivulcnt Hulk (lalloiis uf Pure 
Alcohul. 

1901. 

1902. 

lOOli. 

1901* 

1902. 

1903. 

Vinegar.. .. 

Polishes, Lacquers and 
Varnislios. 

171,204 

104,002 

104,7.54 

3,707,808 

3,009,304 

.3,024 ,.588 

00,072 

0.5,110 

08,005 

1,400.784 

1,432,.5.52 

1,498,090 

Etlicr. 

Medicinal K.xtracts, Alka¬ 
loids, Coal Tar Colour.^, 

48,2b.5 

55,747 

51,1)09 

1,001,830 

1,220,434 

l,135,:f98 

etc. 

28,070 

32,010 

38,037 

G17,.540 

717,420 

8.50,014 

Celluloid. 

15,797 

10,084 

22,4:^8 

347,,5:D 

307,048 

493,036 

Lake Paints and Colours. 

2,741 

3,400 

5,397 

00,302 

70,120 

118,734 

Sofip. 

Fulminates, Percussion 

1,737 

1,710 

1,808 

38,211 

37,020 

39,776 

Caps, etc. 

700 

1,0.50 

1,051 

15,400 

30,.300 

30,322 

Brnwers’ Glazes. 

1,447 

1,328 

1,121 

31,834 

29,21(i 

31,202 

Lanoline Extraction.... 

1,143 

1,052 

992 

25,110 

23,144 

21,824 

12,892 

Chloroform. 

2% 

700 

.580 

(i,ril2 

10,720 

Iodoform. 

309 

324' 

.322 

8,118 

7,128 

7,084 

Acetic EUier. 

24.5 

415 

4(;4 

5,39(1 

9,130 

10,208 

Ethyl Bromide. 

— 


132 

— 

— 

2,904 

Surgical Dressings. 

Pijarmaccut ical Remedies 

— 

— 

345 

1 

— 

7,590 

and Pr(‘paraf ions . .. 
Photografduc j'tmdsions, 

425 

425 

435 

9,3,50 

9,350 

9,.570 

PApers, Plates, etc. 

— 

— 

0.31 

— 

— 

1.3,882 

Finishing Rublxjr Goods. 

235 

2.58 

374 

5,170 


8,228 

Inks. 

112 

30 

217 

2,4hl 

000 

4,774 

Mi.sceUaneous. 

2:ui 

203 

422 

.5,192 

5,780 

9,284 


339,751 


300,730 

7,474,.5S8 

7,009,008 

7,930,000 


Appendix No. IV. 

REGULATIONS AS REGARDS ^ISE OF SPIRIT FOR INDUSTRIAL, 
ETC., PUliPOSlCS IN FRANCE. 

'I'tic Ciisioins and Excisp Taxi'.‘: on Alcohol in Franco arc: 

C 1 JST 0 .MS (Importalion). 

70 franc.s per lioefolitro (equivalent to .about Is. .'id. per proof gallon) and 
SOcontiuK'.sporhcrtolitre (equivalent toabout Is.7d. |)crl00proofgallons) 
for control, etc. 

Tbe.se dut ies arc in addition to the Exci.se duly. 

Excise (Internal). 

220 francs per hectolitre of pure .alcohol (equivalent to about 4s. 6d. ))cr 
proof gallon). 


DUTY-FREE SPIRIT. 

Abstract of French Reoulations. 

Spirits for industrial and domestic use are freed from all taxes on condition that 
they are denatured, but all iru'dieamcnts which contain any K|iirit after their manu¬ 
facture pay the ordinary spirit duty. Denatured alcohol pays a statistical tax of 
0.25 franc per hectolitre of pure alcohol (about 7d. per 100 [iroof gallons) and also 
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O.S() trimc per lic'clolitro (iiliout Ik. 10(1. per 100 r)roo[ gallons) to cover the expense 
of tlie examination ol the .samples and the supervision of the denaturing operations. 

Any person who desires to denature spirit must submit a plan of his premises 
and siipidy details as to the vats, vessels, etc., and the materials to lie used for 

denalurmg. ' , „ . ■ , ...i . i . 

Denaturing take.s place in presence of the Excise omeials. Ihe alcohol must 
be of at least !K) ’ (5S o.p») and contain not more thati 1 per cent, of "fusel oil.” 

.Samples of both the alcohol and of the denaturing substances to be used have to 
be submitted to analysis as directed by the Ministry of Finance, and all operations 
aro supervised l\v tlie ICxcisi* officers. 

Spirits iiiuy he denutiavd by 1 lie “{^onend process” or Ity ''special processes.” 

Diuiaturing liy the "special” jirocesses is usually curried out at the factories 
where tlie spirit is to l>e used. 

Oi'iimil Ikmiiurim) Prore.sti. 

Ten litres of wood spirit of at least (.58 o.p.) aii<i conljiiniiij; 2." fier cent. 

acetone and 2..') per cent of "iinpurit^-s jiyro^cmVs” lor 100 litn*s of spirit. 

Spirit denatuml by this n^apent is <livid(‘d info two classes; 

L Far lujhlin<i and kenhtnj and for mukintj This spirit must con¬ 

tain. in addition to the ^(‘iieral d(“naturinj; agent,0..') per cent of heavy 
bi'iirine, di.stilling In'tween 150' and 2()0-'(’., wlien u.sed for heating and 
lighting, and 1 p(‘r cent, gum resin lor "finish.” 

These spirits are allowed to be soKl, mid(T .strict regiilulions and ]iolice and 
excis(‘ supervision, liotli A\liole''iil(‘ and i»y retail to the general public, 
and correspond to our mineralised methylated spirit and "finish.” Since 
1st January, 1002, tliere is allotted to the inakiu-s of denatured alcoliol 
for heating, lighting, and motive janver a sum of 0 francs per liectolitro 
of ynire alcohol (about 2.01. yicr proof gallon). This is to reduct‘ the cost 
of denaturing lor the various ust's to wliicli this alcohol is apjilied in eom- 
petilion with i>etrol. 

2. For ma nil fact urnni piir]>o,scf^, such as varnishes, solid extracts, solidified 
spirits, iilastic su)»stances, alkaloids, iulminale of mercury, tran.spareiit 
soap. inse<‘ticid(“s, etc. 

Manufact-un'rs wishing to use* this spirit must obtain pennission. They 
have to kei^p an jurouni of syiirits reeeiv(“<l and u.s(Ml,and of the nature 
and quantity of tlie products manufactured by its aid. 

Kxeisi* olfieers fre(|uontiy \isit the woiks in order to assure themsedves that 
the yirodiicts nuuh* corres|)ond to the syiirit produced. 

If tlie products contain any alcoliol tlu'y come under the same regulations 
as to sale, etc., as metliylaled spirits. 

This spirit corresponds to our ‘ ‘ (Irdinary unmincralised methylated spiritand 
tlie regulal ions in France are not less but nion* st ringeut iJiaii in tliiscounlr>'. 

3. Certain industries cannot use methylated spirit mixed with wood sjiirit, 
and the Minist ry liave authorised tlu* emyiloyment of other jiroccsses of 
denaturing specially adapted t o the jiarticular necessities of each manu¬ 
facturer. Tliese are either special for each product, and fiuvc to be 
approved by the Minister, or general for products or classes of products 
already approved on the advice of the Consultative Committee. 

Of the latter are: 

1. fathers, simple awl compound. 

Alcohol is mixed with 10 per cent, of the residue (of a fixed type) of a 
pr(‘vious op(‘ration, and 10 T>t‘r cent, sulphuric aeid at f>0° Ik, or 20 
yM*r cent, at 54*^ R. Tlie mixtim* is heated to a temperature of 80’ C. 
for some time (prolongf*) in presence of the Excise Olfieer. 

2. Elkyl Bromide. 

Seven litres of spirit at 03® witli 8^ litres sulphuric acid at 66® and 
15 grams bromine. 

3. Ethyl Iodide. 

6 litr(*s of alcohol at 96®, 4 kilograms iodine, and 800 grams amorphous 
pliosphorus. • 

4. Ethylate of Soda. 

8 litres absolute alcohol and 500 gram.s soda. 
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5. I^Uric Ether. 

1 part nitric acid at 36° and 4 parts alcohol at 96°. 

6. Ethyl Cklorule. 

I part hydrochloric acid at 21° and 1 part alcohol at 96°. 

7. Aldehyde. 

Mix alcohol with 10 per cent, sulphuric acid at 66° B. or 20 per cent, 
at 54° B., and heat ti»c mixture to a temperattirc of 80° C. Cool 
and tlion pour (he mixture on to bichromate of potash. 

8. CkloTojorm. 

Mix tlie alcoliol witli 5 or 6 kilograms of chloride of lime in solution. 

9. CoUodutn. 

hkpial volumes ol et,h<‘r and alcohol, and add guncotton. Tl»(' mix* 
tun* shouhl rcprf‘S('nt 2 litres lor (‘acli litre of alocliol, and sliould 
contain 6 grams pyroxylin. 

10. ('hlontj oud Chloral Uydrair. 

A current of I'hlonne gas is passed (lirougli alcoliol. Each litre of 
alcohol of 9.5° ought 1o produce 7S0 grams ot chloral hydrate. 

Tn all (liose cases, as wi*!) as thoM' in wliicli (lie uiauul.actiirers are permit(ed 
to employ odiei s]M*cial tonmdie, the denaliuing has to Im* ilone iu ju-eseneo of 
an bxeise (Xlicei {Agent cr,\dminisllatioii). and the manufaetuier has to keep 
ol tlie alcohol uM*d, and ol the piodiiets made, and to submit to visits 
from th<‘ olln-iah as in the case ol thosi* who iM* tlie common melhylat(*d spints. 

'rh(‘ Administration tnrnishes the denaturing wood spun. I'te., at the expense 
of file makers. 

The minimum rpiantity of sjiirit that can ho dcnalun'd by live general iormula 
is20 hectolitres (140gallons) and by any special lomiuLc 10 (icctolilres (220gallons). 

In all (Ive “ s])ecial casi's” the hrencli regulations app<“ar to involve the pn'sence 
ol an olheial dining at ksist tiu* initial stagi's ot evc‘ry niuimtactunng o)»eiation, 
and in addition a di'lniled retnin liom tlie maimlaetnrer ol the (pjantity o| the 
jvroiluets li(‘ obtains and ol (lie s])irit iisi'd, and the otlicials liave to lx* satislied 
thaf live corresfamdem-e belwc'en tin* spirit used and tlie ]>roducts obtained is satis¬ 
factory. Manulaiiurers are eivargeil with duty on any delieimicy ot spirit sliown 
by the r'ctuins or inspections. 

There app<‘ars to )ve ix) ivroYision in rrance lor any lemission of the Import 
(Customs) duty on sjvirits, and no fon*ign .spirit is ih'natnred. 


TaulI'’. Siiowixi; THR (^rwriTiKS Ol’ Dkn vnuiRD Si*ii;i'r rsim i\ Fuakck for 
VAiuous M\Niu’A(’TtTni\T(j Ihuu*osEs nimiNu the Ykaks 1900-1-2-3. 




(lallimsiit l*ujc .\lcohol. 


.Mnnufncjurc, etc., for whn-li l'se<I. 





1900 

1901. 

1902. 

1903. 

LiglC. nig, heal irig.mot orengini‘s,cl.c. 

2,761,256 

3.366,110 

t ,990,566 

5,704,702* 

Varnishes, hiccjuers, and polishes .. 1 

3S5,264 


312,130 

317,834:' 

Dvciiij:. 

.3,432 


902 

11,704* 

Celluloid,etc.. . . 

15H,356 

in,5is 

87,480 

101,090* 

DriiRH and clioniical invparatioiis .. 


60.K.52 

149,SH() 

613,102 

Ether an<l oxplosivi's. 


i,r):ii),s4s 

1,530,912 

1,405,338 

Scientific purpoH(‘s... 

S,192 

n,i:w 

S,932 

11,418 

Various. 

id.aii 

7S,8‘»2 

88,000 I 

15,818 

'Polal. 

•1,S0(i,70S 

5,534,430 

7,180,520 

8,241,156 


* Those fipints, as well ax a larpo T^rop<)rti*tu of tliat classed under ''chemica) preparations’* 
and "explosives.” contain 10 iier cent <►( winid-naphtliu. 

Since January 1, 1002, a drawhaek of 9 fran«-s per heciolitre (aliout 2Vd. per proof eallon) 
has been allowwl on alcohol used for lighthut and heating to eompensatc for cost of methylating, 
and to enaivle this spirit to compete with petm! in motor ears, etc. 

There was some alteration ol the clas-slfication of "drugs,” "ether,” etc., in 1903. 
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Appkndix No. V. 

REODLATIONS AS REGARDS USE OF SFIRIT FOR INDUSTRIAL, 
ETC., I’URPOSES IN SWITZERLAND. 

Customs and Ilxcise Duties. 

In Switzerland, t.lu* inanuiacture, importation, and tlu: primary sale of alcohol 
is a monopoly ol the FtMicral (lovcrnmcnt. 

Farmers arc iM*rmiited to distil small (piantitiiis of spirit from grapes, wine, 
wine lees, wine yi^ast., frnits, U*rries, (dc.. grown on their own lands; liut., with this 
exception, all kinds of distilleiies have to work under the supervision ol the officials 
of the Feilmal Alcohol 1 k'partment, and all the spirit produced is taken over by 
tins department at prices fixed by agremnent made between the distillers and tlie 
Federal Finance Minister. 

CWm/iR import Tuxes. Brandy, liqueurs, (\ssenees, vemioutli, tinctures and 
other special alcoholic liipiors may l>e imported byjirivato persons on payment of 
an import, duty of HO tianes per 100 kilogiams gross weight ol spirit and vessels, 
wlieic the strength does not exceed 75” (Itl o.p.), and SO centimes lor each degree 
over that, strength (eiiuivtdent to about 2s. Gd. to Jls. (kl. p(‘r proot gallon). 

But all onlinary alcohol, and .substances containing alcohol, come ulndcr the 
monopoly, and can only be imported into Switzerland by the Federal Alcohol 
IX‘partment. 

Kxcw {Mono'jmly) Taxes. All imported alcohol, and all Swiss manufaelured 
aleoiiol, has to lie sent to tlie warehouses ol the Alcoliol Department ol the F(‘<leral 
(jovernment. 

Any one who wishes 1 o buy spirit must order it from the department in quantil ies 
of not le.ss than 150 liln's. 'I’he prices charged are fixed by law at not less than 
120 Iranes or moR‘ 1 ban 150 francs jmt hectolil re of pure alcohol. 

At presimt the ordinary “monopoly” jirices are as follows: 

(u) VVein Sprit, mark A.V.VV., or Kaliibaum Sprit (Fein Sprit from Kahl- 

baum, Beilin). 

112.00 francs per hcclolitre at 05® (5s. 2d. per gallon at 60 o.p., 3s. IJd. 

• [XT proof gallon). 

(b) Priina Sjirit, mark A.V.P. 

140.07 francs p(‘r hectolitre at 05° (5s. Id. per gallon at 66 o.p., 3s. Id. 
fx‘r j)rool gallon). 

(r) Fein S[)ril, mark A.V.F, 

138.53 francs per hectolitre at 95° (5.s, per gallon at 66 o.p., 3s. per proof 
gallon). 

(d) Raw INilato Spirit, mark A. V. B. 

131.24 Iranes per liectohtrc at IK)® (4s. 9d. per gallon at 58 o.p., 3s. per 
proof gallon). 

From these jiriees tlie Government profit- or tax i.s (‘(piivalent to about 2.s. to 
2s. 3d. per }>roof gallon. 

Wholesale dealing in spirit or spirituous li()uors is not subject to any further 
licences or taxes, but the retail i-ale and the regulation of public house's, etc., is 
under tlie control of the Cantonal Authorities, wlio may impose further taxes or 
lii-ences. 


Duty-fueb Si»ihit. 

ABSTRACT OF THE SWISS REGULATIONS. 

The Alcohol Department are authori.sed to sell denatured spirits in quantities 
of not less than 150 litres (33 gallons) at cost price for tlie following purposes: 

(а) For cleansing, heating, cooking, lighting, as well as for use in motor 

engine.s. 

(б) For industrial purposi^s generally, except the preparation of beverages 

or of li(]uid perfumes and cosmetics. 
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(e) For makii^ vinegar. 

(d) For Kcientitic purposes. 

{<?) For preparing pharmaccutica. products which do not contain any alcohol 
in their finished condition, and arc not mixed with alcoliol when used. • 

The denaturing is either “absolute,” i.e., such as is considered suflicient of itself 
to nmdcr the spirit unfit for consumption as a beverage; or it is “relative,” i.e., 
Ku<*Ii as re(}uiros official supervision in order to prevent sue}) relatively (huiatured 
si>irit being used for other purf>os(;s tlian tliost* for winch it is allowed. 

Abmluiebf^' Deiuiturcd tipirii. 'Jlie prej)aration of “absolutely” denatuied 
spirit is exclusively ros(‘rved lor the Alcohol Dej)artmont, wlio prepare it and stdl 
it. to \iscrs and retailers in (puantities of not less than 150 litres at a time, at a price 
of .50 francs per 100 kilograms at 0^1“ (about Is. fid. p)er gallon at 03 o.p.). C)n 
ipiantities of 10,000 kilograms sent out at one time in boiler tanks a discount of 2 
per cent, is allowed oC tliis price, and from H to J ])er cent, when (juantities of 
10,(KK) kilograms and 5,000 kilograms are so sent out in large and small casks. 

Tlie met hods of denaturing and the subst ances used are regulated by the Alcoljol 
Department. 

The “al)solutely ” denatured spirit is us(m 1 for cleansing, heating, cooking, light¬ 
ing, and motor engines, and i.s for sale by rt'tail. The retail sale is under the con¬ 
trol of the Cantonal Autlioritics. 

For “ahso}ul(‘ly” denatured spirit the composition of tlie denaturing mix'ture 
is not k<‘pt constant, l)ut for various reasons it is ehangt'd two or three times pier 
annum. At ])r<‘S(‘nt (November, 1904} tlu; 1 )epartmcuii employ a mixture having 
the following compiosition; 

Acetone Oil. 700 parts 

Pyridine liases. 100 “ ^ 

Solvent Napditha. 00 “ 

Crude Wood Napditlia. 110 “ 

. 1,00(1 p)arts. 

2.7 kilograms of this mixture are added to any 100 kilograms of alcohol at 05® 
(about 2.7 gallons to 100 gaihms of alcohol at (Ki o.p.T 

This propiortion has been k('p)t constant for some time, but cannot be considered 
as unalterable. 

Rclunvclif'’ denatunnl sp>irit. For all manufacturing purposes “relatively” 
denalure<l sp)irit is allowed to be used. 

Wlio(‘ver wishes louse this kind oi spirit in his business must imike ajiplieation 
to the Aleoliol Department on a special form. 

Persons vvliosi* names are not registered in the “Trade List” have to obtain an 
oificial eertifieato as to the ehaiaeter of their estaldishments, and the kind of busi¬ 
ness ennied on l>y tlieiu. Th(‘ discretion as to the granting of pi(‘rmission is vest(‘d 
in the Director of tlie Alcohol Department, who also determines what bonds or 
guarantees arc sufficient to pn'vent tbe improper use of s\ieh spirit. 

Pirsons who have b(‘en allowed to use this sp>irit. must eonunonee operations 
within three monllis ot the date of their obtaining tbe p)(‘mus.sion, otherwise a fresh 
application has to be made. 

Denaturing may take r)lare either in the warehouses of the Alcohol Department 
or at the p^remises of the users of such Rp)irit, In the latter case tho \is(‘rs of “nda- 
tiv(‘ly” denatured spirit have to obtain the p)ure sp>irit from tbe Alcohol llepart- 
ment, and have then to provide the denaturing materials at their own cost, and 
also preniis(‘K for mixing tlie denaturing substances with the spirit in the presence 
of the otfi(*ials of th(‘ Department. 

The officials decide whether the denaturing sul)stan<‘es provided comply with 
the regulations, and if they are not satisfied samples are taken and sent for exam¬ 
ination by the technical ehernists of the Department at Pcrnc. Traders have also 
to provide the denaturing substances used at a warehouse. 

The following substances have )>een sanctioned for “relative” denaturing in the 
undemoted proportions for every 100 litres of alcohol for use for the purposes 
8p)ecified: 
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(a) For making Vinegar. 

litres of absolute acetic acid dissolved in at least 200 litres of water. 
The water may !)e replaced by an equal quantity of beer, wine, yeasty 
yeast pressings, oi similar licjuids. 

(i>) For vreparing Laeguera, Varnishes, and Polishes. 

2 lit res of w(H»d spirit and 2 litres ol petroleum l)cnzin, 
or A litre of turpentine, 
or 5 litres of wood spirit, 
or 2 kik^rams oi shellac, 
or 2 “ of copal or lesin, 

or ^ kilogiam of (mniphor. 

The denaturing with camphor will only 1 m‘ allowed to authorised users, who mix 
varnishes or ))olishes exclusively for use m their own workshops. 

(c) For preparing Dge Substances. 

10 litres sulphuric ether, 
or I litre ImmizoI, 
or 1 “ coal-taroil, 

or ^ “ Impentine, 
or 25 grams animal oil, and 

or 25 “ amhiie Idiie or eosin, violet, or {luon^scein 

or 100 “ iuiphtlialen<‘, 

or 2 kilograms commeicially pure UH'tiiyl alcohol, 
or I kilogram camphor. 

For the ust' <>1 otlu^r denaturing siil)stances for other fmrpo.ses sf)ecial pennis- 
sion has to be obtained Irom the Federal (‘omicil. 

In the case oi (b) varnishes, etc., and (c) dyes, th(‘ Alcolnd Department deter¬ 
mines, in each case in wliich permission is granted for the use of “relatively” dena- 
tuied spirit, which of the dilTercnt denaturing substances given in the list shall be 
Used. 

The autliorised user.s of “ndalively” (huiutiired spirit are re<|uin'd (so far as 
may not be in whole or ])art dis])ensed with) \(t kee]> ))re.serib(‘d books in wliicli 
are to Ix' entered th<* reecnpt. and use of the spirit,; the preparation and disfiosal 
oi the ])ioducts made with it; and parlieulars of any sale of the spirit which may 
Iks allowed. 

They have also to send to th(‘ Alcohol Departnumt, immediately after the close' 
of every qiiarU'r, c(‘rtilied ext racts ot t lic.se* books,giving full ]>aii.iculars of the busi¬ 
ness done during the precc'ding (juarfer, and voucldng by signatims for tin* accuracy 
of these reports. 

Officials ol tlie Department may at tiny time inspe<‘t the works,tlio stock of dena¬ 
tured spirit, and the (|uantilies used, and ol tlie pioducts made with it; and may 
take samples and inspect any of the business books belonging to the factory. 

Th(‘ trader and his servants must assist tin* officials of the Department and of 
the Customs in carrying out the denaturing, tind generally in the excrcisi* of their 
official suiiervision. 

Inlomiat ion must also lx* immediately giv(*n to the officials wln*n lh<*re has been 
any unusual disturbance in the matmtact uring operations, or any occurrence wdiich 
Ijas caused an unusual loss of “relatively” denatured spirit, or of the products 
made from it. 

If more than 10,000 kilograms of relatively denatured spirit are used annually 
at any factory, iron or other vats with gauge glasses and scales or floats, and means 
for official locking, must be provided for storing the spirit. 

Manufaeturers who us(* both “relatively” and “absolutely” denatured spirit 
and also undriiatun*d spirit, in tlieir worlds have to keep separate the processes 
in which each kind of spirit is used. 

No distilling or rectifying apparatus must I e used without the special permis¬ 
sion of the Department either in the rooiqs in which “r(‘latively” denatured spirit * 
is being used, or in any adjoining room iK'longing to the* authorised user. 

If permission has iieen given to recover the spirit it must Ix' used again for the 
same purpose, and the quantities n*covere<l must lx; entered in the stock books. 
The permission for the ust; of the spiiit may he withdiawn at any time, and the 
withdrawal gives no person any clain for compensation. If by death or any other 
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cause a change in the firm occurs, a renewal of the permission must be obtained 
from the Department by the successors. 

When for more than a year no ‘'relatively” denatured spirit has been used, the 
authorised user must resign Ids pernussion, and sell or give over to some other 
authorised umt any unused spirit, or return it to the Alcohol Department, who will 
pay tlie market price ior it. 

Tlie owner of tlie “relatively” denatured spirit must not sell it, or allow it to 
l(*a\’e liis manufact uring [)reitdses. Permission is given to sell such spirit denatured 
with— 

(a) 5 litres of Wood Naphtha, 
or (6) 3 “ of Acetone (fils, 

or (rl kilograms of Shellac, per licetolitre. 

Sueli spirit eaiinol, liowever, be sold or given to any person who means to sell 
it again, fmt only I o users ot it in their own \vo!k.s})of>s. Not less tlian 5 kilogram.s 
of such spirit can be sold at a time, and if tlie person to whom it is sold does not hold 
a special [ktuusmoii tor its use the total (juantity he can nwive annually must not 
exceed ir>0 litres (33 gallons'. 

Denatured s|)irit must not )>e used h»r any other purpos(‘s than tlioso for which 
permission is giv(‘n, and more parth'ulaily it must not l)o used in any way for mak¬ 
ing beverages, and no ‘.ittem]*t must b(‘ made to remove wholly or partially from 
sueli spirit any ol the denaturing substances, nr to add ot-lior substances which 
woulti hide eith(*r tlie taste or ''inel! ol the dimatming sulistnm-es. Nor must us<ts 
ol “relaliudy” denatured sjuiit in pr<*panng vith it art leles for sale make so slight 
a ehang(“ m t lie spirit tliat it jiractically lemams only dimalured sjiirit. in particu- 
lai all vainishes, etc., must contain at least (> ]>(‘i emit ot tlieir weight of sliellac or 
similar resin. 

Tlie sail' of lai'nners, Miinishes, and polishes containing 0 pei cent, of shellac is 
Iri'c. Deah'rs in all othi'r ]uoducts I'onlaining denatured spirit must obtain per¬ 
mission Irom the Alcohol Di'partmi'iit. 

Heavy penalties may Ix' imposed tor any breacli of I In* laws or regulations. 

Tiie prices at wliieh ani lioiised users ol “ ri'lat ively ” deuaturi'i,! alcohol can obtain 
tlieir spirit from I lie .Alcohol Di'partmeiit are fixed for pcnixls of five years, accord¬ 
ing to the aveiago ]uices ]'aid by the Depailment tor spirit during the preceding 
five yeais. 

The piesi'nt prices {>er 100 kdourams net at. O.T' ari' as follows: 

(а) -S kunda-S]'rit. . .17.0 ffanes. 

(a)»oul Is. -1 Id. per gallon at OOo.p.) 

(б) Fein ''prit or Itoh.spiritus.4S.5 “ 

(aboip Is ")d. per gallon at ()(>o.p.) 

(c) I’rima-Spiil... .7)1.5 “ 

(al)oul Is. (kl. iH'rgallon at OOo.p.) 

(d) Kahibaum-Spiil o! Wein-Sprit. 53.5 “ 

fallout Is. 7d.p('i gallon at OOo.p.) 

1'he same discounts are given for largo orders as in the case of “absolutely”’ 
denatured spirit. 

'riie authorised u.si'r has to bear the cost of the carriage, and of the denaturing 
substance,> in addition. I'ntil leeeiitly uutliorised users were permitted to buy 
their own alcohol from abroad and to import it through the Department on pay¬ 
ment of an import duty of S francs ])er 1()() kilograms (a)'ont 2J(i. per gallon). In 
future ail alcohol must be bought from the Fi'deral Alcohol Department, and the 
prices for tlu' year lt)05 liave Ix'cn fixed as lollows: 

(a) Sekunda-Sprit at. 41.0 francs per 100 kilograms at 05". 

(Is. 2^d. per gallon at fiO o.p. -—•S\<1. j)er proof gal.) 

{b) Fein-Sprit or Rolispiritus at 42.50 banes per 100 kilograms at 95®. 

(Is. 3d. per gallon at 06 o.p. —9d. im'*’ proof gal.) 

(c) Prima-Sprit at 45.50 francs per 100 kilograms at 95®. 

(Is. 4d. per gallon at 66 o.p. —O'fd. per proof gal.) 

(d) Woin-Sprit at 47.50 francs per 100 kilograms at 95®. 

(Is. 5d. per gallon at 66 o.p. — 10}d. per proof gal.) 

Authorised nst‘rs who order at one time one or more tanks of about 10,000 kilo¬ 
grams net content (2,700 gallons) enjoy a di.scount of 5 per cent, off these prices if 
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they give the Alcohol Department a period of 30 day.*! for the execution of their 
order when foreign kinds of spirit are re(|uired. 

For all other large orders of over 5,000 kilograms gross weight the usual official 
discount will be given. 

The annexed tables give the quantities of the “absolutely” denatured spirit, 
and of the dilTerent kinds of "rcl.atively” denatured spirit used in 1903, and also 
the principfd purposes for which the latter spirit was used. 


(Jll.tNTITV OF DeNATUKKD SpiRIT OF ALL KiNDS SoLD IN 1903. 



Kilticram*! at 
to 9:>^. 

Etulivalent 
(lullontt ut 
lo 00 o.p. 

“Absolutely” Denatured. 

“Relatively” Denatured; 

4,7.58,003 

1,284,600 

From Monopoly. 

110,980 

— 

“ Importations. 

1 

1,.507,003 

— 


1 S\7i^,r)H2 

4.53,217 

Total. 

0,4.30 ,.58.5 

1,737,877 


QuANTi'iT OF “Relatively” Denatoued Spirit Iised in Switzerland in 1903, 


Nature of the Mnnufacture. etc., in which the Spirit 

IS UnpcI. 

1 

' Number of 
Faclonos 
or I'rtoris 

l)uiiiititieft of Alcohol Used. 

Kilourams 
at 9.V'. 

Ibfjuivalrnt 
tinlloiis at 
fiC o p 

Vinogar-luaking. 

It) 

22.5.819 

(•>0,980 

For hw(|u(Ts and varnishes. 

1,54 

109,767 

45.837 

Manuiacture of dyes. 

s 

311,581 

84.127 

For dissolving dye.s for cotton f{ictori(‘s. 

() 

9,1.50 

2,470 

For soaf)s and perfumery. 

11 


2,262 

For scientific purfioses... 

18 1 

4.048 

1.093 

('hemicni promicts. 

27 

133,231 

35,972 

Suigicul dressings. 

3 

782 

• 211 

Gummed tissues. 

3 

6,049 

1,633 

'I'obacco manufacture... 

1 

17 

5 

Art ificittl silk. 

2 

003,730 

1G3,(K)7 

(Viluiold. 

1 

8.7.5S 

2,365 

Smokeless powder.i 

1 

2,9,52 

797 

Fulminate of mercury. 

1 

10,932 

2,9.52 

Acetic ether. 

I 

91,7.59 

24,775 

Graft ing wax. 

1 

258 

70 

Fleet rot y ping. 

1 

! 280 

76 

Preparing cotton goods. 

1 

16,069 

4,339 

Making mixtnretoprcveiit freezing of gas-pipe.s 

1 

2,.5.36 . 

685 

Prc.serving natural-history specimens. 

1 

252 

68 

“ botanical specimens. 

3 

4.38 

118 

In photo-chcmical works. 

2 

8,50 

2,30 



1,607,665 

434.072 
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DnNATuraNa Substances Used foe “Relative” Denatiiking, and Quantity 
OF Alcohol Denatured with Each. 



Quantity of Alcohol Denatureii. 

Deiiaturinf; BulistanccN. 

Kilograms 

at 

5>.V'. 

Eftuivalent 
(Gallons at 

66 o.p. 

1. Shelbo, witli or witliout the juldition of camplior, 
turpentine, wood-naphtha, etc. 

.52,540 

14,152 

1,075 

2. Colo]>liony ri'Kin. 

5,974 

11 ('opal resin. 

2,4.55 

605 

4. Camjdior. . 

5. Tun>entirK'.. 

22,5.51 

0,0.89 

9.9,210 

20,517 

6. Acetic acid. 

2^57,185 

09,440 

7. Nitric acid. 

1,241 

555 

8. Acetic ether. 

5,.552 

9.55 

9. Ethylic otlier. 

()2,S,.5(«) 

169,715 

10. Wood-iiaplitlia. 

15,751 

4,2.55 

11. Pim' met liyl alcohol. 

11,119 

5,085 

12. Wood-naphtha and pyridini'. 

5.52 

95 

IH. Acetvine oil. 

1,7 IS 

472 

14; Mi'llivl vioH (dw). 

152,5.50 

35,754 

ir>. Metliylcne blue (dye). 

r>2-i 

141 

Hi. Aniline blue (dyt*). 

10,711 

2,892 

17. Eo.siii (dv(‘). 

155,.552 

30,0.59 

18. Kluor(•‘^cein (dye). 

K7,058 

23,.500 

19. Naph.halcin. 

9,4()3 

2,.5.5.5 

20. Soap and castor-oil solution. 

4,507 

1,179 

21. Coal-tar til. . 

12,070 

5,421 

22. Hcnzol. 

3,100 

857 

211- Nilrolx'iizol. . 

515 

138 

24. Ph(‘:iol. 

759 

200 

25. PyrkUii. 

S7,S17 

23,710 

25. Cainn e* soda. 

15,211 

4,110 

2?. Pipcronal. 

2,425 

0.54 

28. Mi.sk. 

8,27.5 

2,234 

14,790 

29. .Animal oil. 

54,7S9 

30. Kthvl chloride. 

1,245 

330 

31. Chloroform. 

128 

34 

32. Fonnalin. 

220 

59 

33. Dndenatured (for manufacture of munitions of war) 

15,009 

3,074 


1,078,091 

4.53,081 
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Appkndix No. VI. 

RECiULATIONS AK REdAKDS USE OF SPIRIT FOR INDUSTRIAL, 
ETC.. PUHPOSES IN AUSTUIA-IIUNOARY, RUSSIA, HOLLAND, 
UNITED STATES, liELCIUM. 

AUS'l'HlA-IirNCARY. 

Tlio Spirit taxes in Austria and IIunf?ary are: 

Customs (import). 

On LicpuMirs, i’unrli ICssencc. SM’(‘i‘|<‘n(Ml Spirit,.'!, Arr.ac*k, Rum, French 
Rranciy and (bgnac: ir)0 kroiu'n (td) per 100 kilograms, equivalent 
to al»out 4s. per bulk gallon. 

On all other .spirits: 110 kremen (t! I .Ss ) per 100 kilograms, efjuivaient to 
al>oui 3s. 3d. per bulk gall(fn. 

Tlies(‘ duties are in addition to tlie liigliest Exeisi* Duly payable in the 
country on s]>irits of tlt<‘ same di'.scnption 
Excisn. 

Autitriii. -IH) kronen (Tfjs.) per 100 litres pur<' alcohol, (‘quivalent to l.s. 
1 Id. per proof gallon. 

JJumjari/. -lt)0 kronen (S3s. id.) peu’ 100 lit ri‘s oi pure alcohol, C(juivulent 
to 2.S. 2d. per jiroof gallon. 

Dl-'in-FUFK SlMKIT. 

Ordinary ^fe^hyi^(^'({ Spirit is made hy mi.vmg w il,h alcohol of at least 00® (5So.p.): 
2 percent. Wood Naplitha, 

.1 per cent. I’yridine Haw's, and a 
trace of Phenolfditliahdn. 

A 'I'ax e([uivalcnt to about one-third of a penny per gallon is charged for dena¬ 
turing. 

For Vnrnuhci^, fulniinnfe of mercury, hat-makiiig, etc.; 

\ per cent, of turpentine is the deiial unng agent. 

For ri»c(/<tr the spirit is mixed with “Anhydride.” 

Very .small quantities of pure alcohol ar(‘ used for scientific purposes under 
certain conditions free of duty. 


Kl'SSIA. 

CuftTo.Ms .\Ni) Excuse Duties on Alcohol. 

CusTOM.s (Import). 

1(5 roubles 20 copecks per pond, «*quivalent to 34.s. Od, j>er 30 lbs. Aa 
in Cerniany, proliahly the w-eiglit of the vessels is included, and no 
v(‘ry exatT comparison can l)c made with the Briti.sh .standard. Ap- 
proximal ely, the t ax may Im* t aken at l().s. to 12s. per proof gallon. 

Excise. 

Tlie sale of alcohol is a iTU'iiopoly in Russia, and distillers have to hand 
over their produce at fixed rales. 

Dutv-fkee Spikit. 

ABSTRACT OF RUSSIAN ItEOULATIONS. 

Persons wishing to us(‘ s^iirit duty fiw must apply to the Mini.ster of Finance. 
Permission is generally limited to one year. •ScxTirity for tin* duty (bond) must ho 
given. 

The quantity of spirit allowed is detcrmiiH'd (*af4i year, and “depends on the 
productive power of the manufactory, conditions for disposal of manufactured 
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article, scale of annual consumption of Bpirit,” etc. The spirit is issued from dis¬ 
tilleries, rectifying works, etc., on production of the order of the Finance Minister. 
It is received and examined at the factories by Excisti Officers, and after haviiig 
been denatured, i;4 placed under revenue seal in a special store and is only issued as 
required by an Excise Oflicer. Accounts ol receipt and issue are strictly kept, 
and sent to auditing autliorities at the end of each year. 

As a g(‘neral rule a special Excise Controller is attached to etich works for con¬ 
stant supervision of tlie i)ropor use of t.he dvity-frec spirit, and the proprietor ol tiie 
works is l)ound to provide Iiiiii with proper dwelling accommodation and with 
furiiiturt' and fuel. 

Foreign spirits cannot 1 m* imported duty free. 

Denaturing Proci'sscvs employed: 

1. For Vartiifthea and Foli>:kcf!. 

100 parts spirit are mixed with 5 parts wood-naphtlia, and 1 part of turpentine, 
or instead ol hirjX'ntinf n'sin, shellac, tar, etc., may be used in the pro¬ 
portion of ] lb. to one vedro (2.7 gallons ol spirit). 

2. For ifie jjre.fAiralton of Vinegar. 

Tlic spirit is diluted witli water and vinegar, so that it shall !>e of a strength 
ot 12° 'I'ralles (70 u.p.), uiul contain 1 per e(‘nl. ot aeetie aeid. 

3. For the pre.jHiratimi of Kthcr, Chloroform. Chloral Hydrate and Iodine, 

20 “lots" of animal oil 1o 100 vedros (270 gallons) of spirit. 

4. For the ftrcfuralion of Tannui and CoJhfdion. 

'I’o 100 parts ot spirit 10 parts of siiljdmrie etluT are added. 
r>. For the jrreiMiration of Santonine. 

Fresh spirit is ii‘i\o<I witli spirit that has already been used in the proportion 
oi4 iiartsof fresli spirit loonepari, of used spirit, or 30 lbs. (1 pond) of crude 
santonine is rnixf'd with (10 vedros) 27 gallon^ of spirit. 

0. For the 'iire.jmraiwn of Phenaeetin, Satol. Sali;urme and Sahniine-Nitro A'n/ts. 

T) per cent, of lK*nzol Is added to llie spirit. 

7. For the jyreixjration of Aniline Dyen. 

• 5 jjuits of wood-najilil ha to 100 parts of spirit, or the spirit is mixed with animal 
oil in the proport ion of 20 lot s of oil t.o one vedro of spirit (2.7 gallons). 

8. For the jnrejktratum of Ariifiewl Silk. 

iO per cent, of suiplmiie ether is added to the spirit. 

0. For the jrcparalion of Re»wi(e or Ksytitc. 

7 pm cent, of ether or aectoiu*. 

10. For Smokeleaii Powder Manufacture. 

Spirit is not d(‘nat ured, but there is strict registration and personal Ruperv’ision 
of the Excise Oflicer. 

11. For Fulminate of Mercury. 

l/40th of 1 per cent. ol animal oil (.025 per eeni,), and 5 per cent, of the crude 
recovered spirit us(*d in the process. 

12. For the Fmiilaic process:, i.c., Extraction of Sugar from Treacle. 

Fre.dt spirit is mixed witli the spirit that lias already lx*en used in the propor¬ 
tion of I i)ari of fresh spirit to 1 part ol used si>irit. 

13. For Presenting Freezing of Gas Pipes. 

.5 parts of wood-naphtliA and 1 part of pyridin bases to 100 of spirits. 

14. For Street Lighting in Towns. 

20 parts of turpentine to 100 partsol spirit; only issued to contractors to town 
councils, etc. 


HOLEAND. 

The ^^irit Taxes in Holland arc: 

Excise. 

03 florins per hectolitre of aleoliol at 50°, equivalent to about 58. 6d. 
per proof gallon. 

Customs (Import ). 

A Surtax of 350 florins per hectolitre of alcohol at 60°, and in addition 
the Excise Tax of 63 florins*=total 66.50 florins, equivalent to about 
6s. 9d. per proof gallon. 
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Duty-fkee AiX'OHOL. 


ABSTHACT OP THE DUTCH REGULATIONS. 


Ordinary Methylated Spirits. 

1 litrn wood spirit. 

8 litres alcohol of at least 85° (49 o.p.). 

This spirit is free to all who like to use it, on condition that it is not used in 
articles of human consumption, and that no attempt is made to purify it from 
methyl alcohol. 

Vnuyar-makwq. 

1 hectolitn* of alcohol at 50° is denatured with 

1 hectolitre vinegar of 4 per cent, strength, 

2 hectolitres water, 
or 

20 litres vinegar of 4 per cent., 

20 “ dried raisin juice, 


or 

20 litres vinegar alone if Excise Officers sec the mixture added to acidifying 
vt'ssels. 

Permission to receive methylated spirits must be renewed every year. 

Wood spirit provided by (Jovi'rninent at a fixed price to cover cost of methy¬ 
lating. 

Excise keep accounts of (juautity us(‘d. Vinegar-makers furnish returns of 
vinegar inadi*. 

Specimi'ns in spirit for teaching natural history may be imported duty fnnj, 
and no Exeis(‘ duty is charged. 

Fonugn-made vurnislies containing wood naphtha equal to home-made may 
be import (‘d duty free. 

Duties on- - 


(y'lilorul hydrate. ft 1.50 j)er kilogram, 

(1) Ether, sulphuric. “ 2 20 “ 

(2) “ acetic. “1,20“ 

(3^ Collodion. “ 1.90 “ 

Chlorofonn. “ 1.50 “ 

Nitrous ether. “ 1.50 “ 

Wood spirit. “ 1.15 “ litre. 

(1) Exempt wlien re<piircd for use in making smokeless powders and 

glazing porcelain. 

(2) Exempt when n'ciuired for us<'. in making smokidoss powders and 

glazing poTcclain. 

(5) Exiunpt wh(‘n r(‘(iuire<l for incandescent mantles. 

Other similar products pay tlie same Surtax and Excise as 24 litres of alcohol at 


50 °. 


UNITED STATES. 


The Customs and Excise duties on Alcoliol in the United States arc: 

CUSTO.M.S. 

S1.75 (Minimum Reciprocity Tariff), 

$2.25 (Oeneral Tariff), 

Per American Proof Gallon; equivalent to lOs. to 12s. lOd. per British 
Proof Gallon. 

Excise. 

$1.10 per American Proof Gallon; equivalent to Os. 3d. per British Proof 
Gallon. 

Duty-prer Alcohol. 

There appears to be nothing equivalent to British methylated spirit or dena¬ 
tured spirit of any kind in the United States.* 

The only duty-free alcohol of any kind is that w'hicli is supplied in very small 
quantities to certain schools and eolleg(‘s for use in Fxlucation and research. 


*&ince this report was published, legislation permitting denatured alcohol in the United States 
has been uiarteil. 
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BELGIUM. 

The Customs and Rxcisc Taxes on Alcohol in Belgium are: 

Customs (Importation). 

175 francs per hectolitre at 50”, and 1150 francs for each degree over 50 
for ordinary spirits in bulk (e<piivalcnt to 7s. per proof gallon). 

In bottl(‘s 3.50 francs per hectolitre. Otlier alcoholic liqueurs at 350 
francs per hectolitre. 

Food pn*parations preserved in alcohol, 175 francs per 100 kilograms. 

Wood spirit, nu‘thyl and uniylic alcohol, and all lioinologues pay Customs 
duty. 

Excuse (Internal). 

Excise on home-iniwie spirits is 150 francs per hectolitrt' at 50** (equivalent 
to (is, per p?*oof gallon). 

Agricultural Distilleries olilain a rebate of tlie Exeise Duty, equal to 8 
to 10 francs per hectolitre at 50” (cijuivnlent to 4d. to 5d. per Proof 
Oallon). 

Dut\-fk1':e Alcohol. 

ABSTRACT OF THK BKLOIAN REGULATIONS. 

Since 1800 alcohol has been olUnved duty fn*e in a fenv inaniifaetnrcR and in a 
numlier of others a proportion of the duly is retunn'd after the alcohol has been 
mi\(*d with certain clenaluring agents. [See table on jiage IS4.] 

Duty-tree alcohol tor iieatiug and llgiiLing lias not yet been allowed. In a note 
to our .\iuliassadoi’ (Feliruary, 1003) the Biugiun ollicials say: 

“The point is under consideration and tlu' (loveriuiK'nt are following atten- ♦ 
t.ively what is Ixdng don<‘ in ffiivign eount ries, notably in (hTmany and France. 
The qiK'stioii, liowever, has not. the sauu* interest, in Belgium as in those coun¬ 
tries. in l''rane(* and (lennany petrol pays a heavy import duly, wdiile in 
Belgiuui it is free from any tax. From an economic point of view it seems 
probable tliat it wdll be always more advantageous to use petrol than alcohol 
even frei* of all duly for those purpose's in Belgium.” 

.Apparently tlie only products eontuining methylated spirits that can lie sold 
an' varnislu's. 

.Ml the .ithor denatured spirits are for ust' in the' factories only, and the dena¬ 
turing is done under the supervision of offie'crs at the works. Accounts have to 
be kept at th(' v.orksof the <juant ity of nu'thylaU'd spirits used daily. Excise officers 
frequently take stock of t he m(‘thylated spirit, and may verify quantities of prod¬ 
ucts made. No stills allowc'd on works, except when sp<*cially authorised under 
exceptioiul circumstances. 

Two hectolitres at 50” (4-1 gallons) is tlie minimum ijuantity that can lie dena- 
tim'd. 

Quantity of spirits on which duty H'lnitted in 1901,21,292 lioetolitres (468,424 
gallons) Of tins 

150,000 gfillons wen* used in making common (‘ther, 

121,000 “ “ “ “ “ vinegar, 

105,000 “ “ “ “ “ . varnishes. 

58,000 “ “ “ " “ artificial silk, 


431,000 

leaving 14,000 gallons for the other trades. 

The conditions undt'r which denatured spirit i.s allowed In Belgium are evidently 
lees favourable than in this country, as, exclusive of tlie eo.st of the denaturing 
t^ents, a duty of about 5d. per ])roof gallon, or 8d. at 60 ovorproof is charged. 

By a law passed in UK)2 the Belgian (lovenmient is authorised to grant total 
or partial e.xcmption from the import tax on alcoliols intended to be used exclu¬ 
sively for industrial purpow's. The alcohol must fir-t be denatured. 

The table on page 485 shows the quant,ity of dt'iiatmx'd alcohol used in the vari¬ 
ous kinds of industry in Belgium since the beginning of 1902. 
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Duty Remitted on Denatured Alcohol Used in Manufactures in Belou m. 



DenaturiiiR ARODt Usecl per Hectolitre of Alcohol at 94** or 
over (64 o p.). 


Duty Re¬ 
mitted jier 
Hectolitre 
at 50“, 

(Kxcifte Duty 
150 Francs.) 


300 litres of water, and 100 lit rt's of vinegar containing 

8 per cent, acet ie acid. 

For we in workffJuijii wh<re made. 8 litre.s mctliyl 
alcohol (wood spiritl containing 5 per cent, acetone 
and 25 litres of varnisli containing 30 percent, gum 


Aniline colours.. 


Artificial {lowers. 

Frarai' gilding... 

Fireworks mate¬ 
rials. 

II i; f 1 n i ng and 
washing raw 

oils. 

T ransparenl soap 
Mercury fulmi¬ 
nate. 

Collodion for uw* 
in workshop 
where made... 

'I’auuin. 

Peganloids, etc.. 

Smokeless powd. 
Peptones from 
brewing yeasts 
Tineaiidine, a 
di.sinfcctant. 
Antiseptics and 
medicaments 
■Quinoline yellow 
Gazage de fiecllee 
Artificial silk. . 
Soldering metals 

Acetic ether,... 
Sulphuric or 
common ether 
Anatomical, etc., 
preparations in 
superior 
schools. 


For sale: 10 litres wood spirit containing .5 per cent. 
acelom*, and 25 litres varnish containing 30 per 

cent, gum resin. 

10 litre's wood spirit containing 5 per cent, acetone. 

and 25 gnims fu(*lisine or otlier aniline colour. 

10 litres wood spirit containing 5 per cent, acetone, 
and 25 litres varnish containing 30 pcT cent, gum 

re.sin. 

10 lities wood spirit containing 5 per cent, acetone, 

and 15 grams aniliiK' colours. 

20 litn's wood spirit, containing 5 per cent, acetone, or 
3 lit.res<‘tliyl methyl ketone. 

10 litres wood .‘Spirit and 5 kilog. gum accroide. 


10 litres sulphuric acid at (iO® H. 

5 litK^s ess. of lavender, aspic of citroiiolla.. 

10 litres of crude ethers, rt^eovered in process. 


50 litres common ether. 

50 litres common ether. 

5 litres acet otu*, or 2 litn's cthyl-methyl-ketonc, or 25 

litres ether. 

3 litres cthyl-methyl-ketonc. 


3 litres acetone oil. 

4 « « o. 

150 litres common ether. 

3 litHis of mixtiire of equal parts of ethyl methyl 

ketone and acetone oil. 

15 litres of acetic other residues. 


10 litres of sulphuric ether residues. 


500 grams nitrobenzol, 500 grams camphor, or IJ 
litres methvl cthvl ketone. 
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Table Showing, for Each Class of Inohstht, the Quantities of Denathbed 
Alcohol Used IN IIkloium duiiinc. the Years 1902, 1903, and the First 
Nine Months of 1904. 


Class of Indu.'^try. 


Vinegar. 

Varnish. 

Aniline Colours. 

Uata. 

Fulminate ot Mercury. 

('ollodion. 

Artificial Flowers. 

Frame (lilding. 

Transparent Soap. 

Refining and Washing Raw Oils. i 

’J'fuinin. 

Anatomical or Scientific Pri'parations,.. 

Antiseptics and Medicaments. 

Phar laccutical or Chemical Products .. 

Simili [weather. 

Smokeless Powder. 

Peptones. 

Acetic Ether. 

Sulphuric Ether. 

Artificial Silk. 

Alcohol for dissolving Resin used tor 
soldering Metal Boxes.. 

Qiiinoliue Yellow. 

Tineaeidino (disinfectant). 

Fireworks Materials. 

Gaz^^e dcs ficclles. 


Total. 


Quantity of Denatured Alcohol Used 


l«)2 

190.1. 

Nine Moiitlis 
oi 1904. 

Gallons at 50°. 

Gallons at 50°. 

Gallons al 50°. 

174,2 US 

276,700 

240,.648 

117,194 

123,244 

88,462 

1,02.S 

2,,608 

2,178 

3,212 

2,3.64 

0,160 

176 

.3,146 

10,230 

1,122 

3,0.68 

2,838 

30S 

3,62 

308 

264 

528 

792 

198 

— 

198 

6.3K 

1,100 

.6,60 

3,762 

,6,962 

8,426 

2,.')08 

3,.366 

3,366 

6,842 

462 

_ 

— 

— 

1,408 

4,268 

4,004 

_ 

308,748 

.668,194 

514,228 

144,496 

325,248 

3761116 

280 

660 

264 

— 

440 

330 

88 

1,64 

44 

— 

44 

— 

769,9.66 

1,321,584 

1,2,67,146 































ABSTRACT FROM BRITISH RIBH'NUE ACT, 1006, AS TO SPIRITS 
USED IN ART, MANUFACTURE, ETC., AND SUPPLEMENTAL 
AMENDMENTS OF THE SPIRITS ACT, GRANTING NEW 
AND MORE LIBERAL PROVISIONS. 

Attention has already been called to these provi.sions as given in 
detail in Chapter IX, and the increased benefits that will thereby accrue 
have been explained. We give below a copy of such parts of the British 
Revenue Act, 1906, as relate to sujh new legislation. The author is 
indebted to Sir William Crookes, member of the Departmental Com¬ 
mittee on Industrial Alcohol, for a copy of their report m.ade to both 
Houses of Parliament by Command of His Miijosty, and also for a copy 
of this Revenue Act, 1906, in which the recommendation of this com¬ 
mittee, that for industrial methylated spirit the proportion of wood- 
naphtha (wood-alcohol) be reduced from 10 to 5 per cent, was em¬ 
bodied and enacted. 

The author also expresses his apprcci.'ition of the kindness of the 
General Secretary, Charles G. Cresswell, of the Society of Chemical 
Industry, for copies of the Statutory Rules and Orders, 1906, No. 622 
Excise: Spirits—Regulations, dated August 11, 1!I06, made by the 
Commissoners of Inl.and Revenue, relating to the Manufacture and Sale 
of Spirits and to Spirits received for use in the Arts and Manufactures. 
These regulations are given in Chapter IX. 

AN ACT to amend the Law relating to CuBtoms and Inland Revenue, and for other 

purposes connected with Finance. [4th August, 1900.] 

Be it enacted by the King’s most Kxecllent Majesty, by and with the advic® 
and consent of the Lords Spiritual and 'I’emporal, and Commons, in this present 
Parliament assembled, and by the authority of the same, as follows: 

PART 1. SPIRITS. 

1 . (1) Where any spirits are used by an authorised methylator for making 
industrial methylated spirits, or are received l)y any person for use in any art 
or manutaeture under seefion eiglit of the Finance Act, 1902, the like allowance 
shall !» paid to the authorised methylator or to the person by whom the spirits 
are received, as the case may lie, in re.spcct of tho.so spirits as is payable on'the 
e.xportation of plain British spirits, and the Commissioners may by regulations 
prescribe the time and manner of the payment of the allowance and the proof 
to lx: given that the spirits have been or arc to lie used as aforesaid. 

(2) No allowance shall be payable under this section on methylic alcohol, 
but foreign methylic alcohol may be received and used under section eight of 
the Finance Act, 1902, without payment of the difference of duty mentioned in 
that section. 
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(3) One-nincteentb shall, as respects methylated spirits other than mineralised 
uietliylated spirits, be substituted for one-uiuth as the minimum proportion of 
the substance or combination of substances to be mixed with spirits under sub¬ 
section (3) of section one hundred and twenty-three of the Spirits Act, 1880. 

(4) Nothwitstandiiig anything in subsection (2) of section eight of the Finance 
Act, HK)2, an applicant utider that section shall not \ye required to pay any expenses 
incurred in placing an officer in charge of his premises, except such expenses as, 
in the opinion of the Commissioners, are incurn'd for special attendances of the 
officer, made to meet the convenience of tljc apr)licant. 

(5) Such q\iantity as the Commissioners may authorise by regulations in each 
case shall l)e substitute'd for fifty gallons in subsection (c) of section one hundred 
and twenty-six of the Spirits Act, ISSO, as tlie maximum (juantity of methylated 
spirits that may be receivctl or l )0 in the possession of a retailer at any one time; 
and for one gallon in subsections (c) and (/) of that section as the maximum quan- 
tity of methylated spirit which a retailer may receive from another retailer at 
a time, and as the maximum quantity which a retailer may sell to or for the use of 
any oiu' person at. a time resp(‘ctively. 

(1) Section one lumdred and twenty-one of the Spirits Act, 1880 (which 
forbids tlie supply of methylated spirits except to tlie persons mentioned in the 
section), shall construed as if. as r(‘gards the supply of industrial methylated 
spirits, a retaih'r of methylates! s|)iritf^was not a tmtsoh excepted under tliat section. 

(2) A retailer of nietljylatcd spirits shall not receive or liave in his possession 
any methylated spirit.s except such as may be authorised by regulations, and 
if any sucli retailer contravenes tliis provision, be shall, for each offence, incur a 
fine of fifty pounds, and the spirits in respect of which tlie offence is committed 
shall l)C forfeited. 

(3) ICvery vessel in which an authorised methylator stores, keeps, or supplies 
industrial methylated spirits, or mineralisc'd motliylated spirits, must Iw lal>clled 
in sucli a manner as to sliowthat the methylated spirits are industrial or mineralised, 
as the case may ))e, and if an aut]ioris(‘d methylator fails to comply with this pro- 
vi^sion he shall, for each offense', incur a fine of fifty pounds, and the spirits with 
rcsp<‘ct to which the offense is committed sliall be torf(‘it(‘d. 

(4) In addition to the account n'fjuin'd to be kept by the proper officer under 
sub?'*ct,ion (1) of section one hundred and twenty-five of the Spirits Act, 1880, 
an authorised nu'thylator sliall k(‘ep distinct accounts in the prescribed forms of 
any indu'-t rial methylated spirits and of any mineralised methylated spirits preparcxl 
or received by him and of the sale, use, and delivery thereof, and that section shall 
apply with reference to each of those accounts and tlie spirits to which the account 
relates as it ai)T)lie8 with reference to the stock account therein mentioned and ta 
methylated spirits generally, 

(5) Section one hundred and thirty of the Spirits Act. 1880, shall apply as 
if it w(*re an offence under that section without tin' consent in writing of the Com¬ 
mission rs, or otherwise' tlmn in accordance with regulations, to purify or attempt 
to pnriiv methylated spirits or methylie alcohol, or, after methylated spirits or 
motvhlic alcohol liavc once l)cen used, to recover or attempt to recover the spirit 
or .'iUoiiol by distillation or condensation, or in any other manner. 

fO) Subsection (2) of section one hundred and thirty of the Spirits Act, 1880> 
shall apply as respects any article specified in an order of the Commissioners as 
it applies with respect to sulphuric ether or chloroform. 

3, (1) The Commissioners may permit the exportation on draw'baek of tinc- 
t\ires or of spirits of wine, subject to regulations, direct from the premises of a 
l>erson licensed to rectify or compound spirits, and tlic like draw’backs and allow- 
an<'es shall be payable in repsect of tinctures or spirits of wine so exported as 
W'Ould l>e payable if the tinctures or spirits of wine were exported from an excise 
or custdms \varehonse. 

(2) In ascertaining the amount of drawback on any tinctures so exported, 
the Commissioners may make such addition as tliey think just in respect of waste. 

(3) If any person fails to eontply with any regulation made under this section, 
he shall, in addition to any other liability, incur in respect of each offence a fine 
of fifty pounds and the article in respect of which the offence is committed shall 
be forfeited. 
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(4) This section shall apply as respects the shipment of tinctures as stores 
as it applies with respect to the exportation of tinctures. 

4. (1) in this Part of this Act— 

Tlie expression “industrial methylated spirits” means any methylated 
spirits (other than mineralised methylated spirits) w’bieh are intended 
for use in any art, or manuiacture within the United Kingdom; and 

The expression “mineralised metliylated spirits” means methylated spiiits 
whicli, in addition to l^eing methylated as provided by subsection (3) ot 
section oiu* luiudred and twenty-three of the Spirits Act, 1880, as amended 
by this or any other Act, liavc mixed with or dissolved in them sucli 
quantity of such kind of mineral napiitha as may for the time being be 
presorilicd by n^gulations of the Commissioners . . . 

The expression “regulations” means regulations made under section one 
luindred and fifty-nine of the Spirits Act, 1880. 

(2) This Part of this Act shall be construed witli the Spirits Act, 1880. 


13 . (1) 'J’liis Act sliall come into o[)eration, save as otherwise expressly pro¬ 
vided, on the first day of OctolxT, iiin(‘t<M‘n liundred and six. 

(2) This Act may be cited as the Revimue Act, 1900. 



AMENDMENTS TO THE ACT OF CONGRESS OF JUNE 7, 1906 * 


This supplementary legislation was designed to amend and perfect 
the original denatured alcohol act which was enacted June 7, 1906, and 
took effect January 1, 1907. 

Amendments were enacted in accordance with the Act, a copy of 
which follows, the purposes of such amendments being to cheapen the 
cost of the manufacture and transportation of denatured alcohol, and 
to admit of general com))etition in its manufacture and sale, thus lessen¬ 
ing the cost of the jiroduct to the consinncr. 

This Act will further l)enefit the American jmblic by permitting the 
manufacture of ether, chlorofonn, and other definite chemical substances 
from tax-free, suitably (specially) denatured alcohol where the alcohol 
is changed into some other chemical substance and d<x;s not appear in the 
finished product as alcohol. 

Among such substances may be mentioned aniline dyes, smoketes 
poi' der, ethers, chloroform, chloral hydrate, etc. 

This legislation will ])ermit small stills to be operated for producing 
alcohol from .any substance wh.atever for denaturation only. Such stills 
to have a daily spirit-producing capacity of not exceeding one hundred 
proof gallons (about 53 gallons of high-proof alcohol of 95% strength or 
190° U. S. proof). 

From the Report of the Committee on Ways and Means, submitted 
by Mr. Hill of Connecticut, accomiianying H. R. 24816, the Act con¬ 
taining the legislation to which we refer, it ai)i)ears that farmers and 
other small producers can engage in the jiractical distillation of alcohol, 
and also that the different sections of the country can be supplied from 
central points of distribution with alcohol as a cheap source of supply 
for fuel, light, and power. According to this same report another im¬ 
portant benefit which this amending legislation will admilfof is the 
establfehment of denaturing plants located in our large msmufacturing 

* Since this book was written supplementary legislation, amending the original 
denatured alcohol law, has been enacted by our Congress, a copy of which and 
discussion thereof is here given. 
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centers, where the demand for the product exists and where public con¬ 
venience and commercial necessities justify their location. This report 
further states that in England, France, and Germany the denaturing 
of ethyl alcohol is largely an independent business, like any other manu¬ 
facturing process, the owner of the plant buying his raw material wherever 
he pleases and shipping it in bond to the denaturing plant, there to be 
prepared in accordance with the regulations, rclea.scd from bond and 
offered for sale. 

Continuing, this report mentions that “ judging from the experience of 
other countries where the right to use denatured alcohol freely has been 
conceded for twenty-five to fifty years, probably two-thirds of the entire 
consumiition will be of what is known .as ‘completely denatured’ spirit. 
This is what is used for heating, cooking, lighting, and for all kinds of 
internal explosion engines and for many manufacturing uses. 

“It is purchiised and consumed at the will of the buyer, as freely as oil 
or coal can be, and no records are rc(purcd to 1)0 kept by him and no 
license needed, except in the case of the manufacturer using an average 
of more thiin .50 gallons per month. 

“The effect of the denatured alcohol Law of last year has been prompt 
and far reaching. It went into effect on .January 1,1907. Wood alcohol, 
which the day before was selling at 70 cents per gallon, was at once re- 
<luced to 40 cents. Since the law w.as approved, .lime 7,1906, seven new 
wood-alcohol refineries have been started, .and the proprietors announce 
their intention to enter into a straightforward, uncoddled competition 
with denatured .spirits. 

“ Dcn.atured alcohol liegan its new career .at .36 cents per gallon at 
Peoria, Illinois, on January 1, and before Janu.ary closed was offered at 
31 to 32 cents, with the demand f.ar in excess of the supply.” 

Other interesting statements made by this report are that “in April, 
1006, denatured alcohol w,as selling at wholesale in Berlin at 2.5.21 cents 
per gallon” and that “ one of the largest kicomobile and motor works of 
Germany has been Lssuing a trade circular which st.ates that the Central 
Syndicate of the Alcohol Manufacturer’s Interests in Germany wdth letter 
dated Berlin, July 23,1906, have annoimccdthat commencing October 1, 
1906, the^irice of 90 per cent motor .alcohol (completely denatured) will 
be reduced to 20 marks per hectolitre. . . . This is equivalent to 18 cents 
per gallon.” From all of these c.auses mentioned and the d.ata given here, 
it will be readily appreciated that the field for denatured alcohol in th4 
United States will be very much enlarged by this supplementary legisla¬ 
tion to which we have referred and which, together with the U. S. Govern¬ 
ment Regulations thereon, will go into effect September 1, 1907, in 



APPENDIX. 


491 


addition to the present law. The use of specially denatured alcohol is 
increasing and its use will be largely increased by this legislation which 
we have mentioned. Such special denaturing is done by addition of one 
or more of the ingredients used in the process of manufacturing the 
product in question, as the use of castor-oil and caustic soda or lye for 
specially denaturing alcohol for the manufacture of transparent soap; 
also the addition of camphor and wood alcohol for specially denaturing 
alcohol for the manufacture of celluloid and pyralin. 

Specially denatured alcohol and the prospect of its-greatly extended 
uses in this countis fully discussed in Chapter X of this book. 

The cost of ether should bo largely reduced when made from tax- 
free suitably denatured alcohol (specially denatured), and is only one 
instance in point. 

The field for the raanuf.icturc of denatured alcohol, and for the 
various products mentioned, is thus ojiened by this Act to general com¬ 
petition, with results that should not only see a low-priced denatured 
alcohol, but many products that can be made cither from it or by its use, 
either corresiiondingly cheapened in cost or greatly improved in quality. 
One great advantage will be the substitution of denatured alcohol for the 
objectionable .and poisonous wood .alcohol. 

■ We give here a copy of this Act and the text of the amendments it 
contains. 

AN .\CT to amend an Act entitled "An Act for the withdraw.al from bond tax 
free .)f domestic alcohol when rendered unfit for beverage or liquid medicinal 
uses l)y mixture with suitable denaturing materials,” approved June seventh, 
nineteen hundred and six. 

Be it. enacted by theSrnaie and Hmseof ftejiresentativcaolthe United States of America 
in Congress assembled, Tliat notwitlnstanding anytliing contained in the Act entitled 
"An Act for the withdrawal from bond tax' Iree of domestic alcohol when rendered 
unfit for beverage or li<|uid medicinal uses by mixture witli suitable denaturing 
materials ” approved June seventh, nineteen huudrtxi and six, domestic aleohm 
when suitably denatured may lie witlidrawn from bond without the payment of 
internal-revenue tax and used in the manufacture of ether and chloroform and 
other defiidte chemical substances where said alcoliol is changed info some other 
chemical substance an<l does not appear in tlie finished prodiict os .ileohol: Provided, 
That rum of not less than one hundred and fifty degrees proof may be withdrawn, 
for denaturation oidy, in accordance witli the provisions of said Act of June seventh, 
nineteen hundred and six, and in accordance with tlie provisions of this Act. 

Sec. 2. That the Commissioner of Intenial Kevenue, with the approval of tha 
Secretary of the Treasury, may autliorizc the establisliment of central denaturing 
bonded warehouses, otlier tlian those at distilleries, to which alcohol of ftic required 
proof may be transferred from distilleries or distillery bonded warehouses without 
the payment of internr.l-revenue tax, and in wrhich sncli alcohol may be stored 
and denatured. The establishment, operation, and custody of such warehouses 
shall be under such regulations and upon the execution of such bonds as the Com¬ 
missioner of Internal Kevenue, with tlie approval of the Secretary of the Treasury, 
may prescribe. 

Sec. 3. That alcohol of the required proof may be drawn off, for denaturation 
only, from receiving cisterns in the cistern room of any distillery for transfer by 



4G2 


DENATURED OR INDUSTRIAL ALCOHOL. 


pipes direct to any denaturing bonded warehouse on the distillery premise or to 
closed metal storage tanks situated in the distillery bonded warehouse, or from 
such storage tanks to any denaturing bonded warchouFC on the distillery 
premises, and denatured aleohol may also be irans^iorted from the denatur¬ 
ing bonded warehouse, in such manner and by meiins of such packages, tanks or 
tank cars, and on the execution of such bonds, and under such icgulations as tlie 
(binmissioner of Internal Revenue, with the approval of the Secretary of the Treas¬ 
ury, may prescribe. And further, alcohol to be denatured may I e withdrawn with¬ 
out the payment of internal-revenue tax from the distillery tended waichouse 
for shipment to. central denaturing plants in such j^ackages, tanks and tank cars, 
under such regulations, and on the execution of such binds ns may be prescribed 
by the Commissioner of Internal Revenue, with the approval of the Secretary of 
tlic Treasury. 

Sec. 4. That at distilleries producing alcohol from any Fubsfance whatever, 
for denaluration only, and having a daily fpirit-producing capacity of not exceed¬ 
ing one hundrtxl jiroof gallons, the use of ci.sterns or tanks of such si/e and con¬ 
struction as may be deemed expedient may be p{‘rmittcd in lieu ol distillery bonded 
warehouses, and tiie jiroduction, storage, the manner and process of denaturing on 
tlie distillery premises the alcohol produced, and transportation of such alcohol, 
and the operation of such distilleries shsUl be upon the execution ot such bonds 
and under sucli regulations ns the Commi.saioner of Internal Revenue, with the 
approval of the Secretary of the Treasury, may prescribe, and such distilleries may 
by such regulations be exempted from such provisions of the existing laws relating 
to distilleries, as may be deemed expedient by said officials. 

Sec, 5. Tliat tlie provisions of this Act shall take effect on September first, nine¬ 
teen Imndrcd and seven. 

Approved March 2,1907, 
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A. 0. A. C., Nov. l Ulfi, 1901. 

U. S. Department of Agriculture (Composition of Cereals). See Bulletins 
9, LI, 58. 

U. S. Internal Revenue Gaugers’ .Manual, 1900. 

Gas-engine Design. Lucke. 

Minist&re de l’.\griculture, Concour.s International de Moteuis et Appa- 
reils Utilisant I’.Mcool Denatur6 Ayant en Lieu a Paris cn mai, 
1902. Rapports (h's .lurys. Paris,Iinprimerie Nationale, 1902. 

The Thermodynamics of Heat Engines. Reeve, 1903. 

The Gas and Oil Engine. Dugald Clerk. 

The Mechanical Engineer’s Pocket-book. Kent. 

Combustion Engines, by Guldner; translat<‘d by Prof. Diederichs. 

Journal of Society of German Engineers. Tests by Prof. Eugene Meyer, 
April, May, '1903. ^ 

Moteurs h Ahiool, par E. Borel. 

Oil .Analysis, by Augustus H. Gill. 
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LIST or PATENTS RELATING TO THE MANUFACTTIRE OF 
ALCOHOL AND ALCOHOL-DISTILLING APPARATUS. 

The following list of patents relating to the manufaeture of alcohol, 
improvements in distillation apparatus, by-products of distillation, etc., 
is added for convenience of reference. 


* PROCESSES AND APPARATES FOR THE MANUFACTURE OF ALCOHOL. 


This List Comprises the Important PaU nIs in this Line jor the Last Twenty Years. 


Patent No. :!.S4222- Horace A. Fiteli, New York, Jan. 12, 1886, apparatus for 
aging spirituous lifiuors, wines, etc. 

370549 -John W. Lochner ami Nicholas Oester, Aurora, Iiuh, oept. 27, 1887, 
device for aging and purilying liquors. . . 

4^^2018—r. Mason, Jr., Manchester, Eng., Sept, (i, 1892, apparatus for purifying 
and refining alcoholic liquors and other liquids. 

482843—C. Heintz, Bullalo, N. Y., Sept. 20, 1892, apparatus for jiurifymg and 
aging liquors. . . , 

488101- A. L. Wood, Boston, Mass., Dec. 13, 1892, appamtus for aging and 


... Vacuum 
•onstituents 


purifying Ihiuors. . 

489303—A. Bornholdt, Brooklyn, N. ^ assignor to J he National 
Drying Air Distilling Co., of the same place, Jan. 3,1893, separating the eor 

of lifiiiid bodies. , i j . t 

492542—(’. Heintz, Buffalo, N. Y., Feh., 28, 1893, method of and apparatus for 
purifying and softening liquors. 

497033—W. Saint Slartin, Paris, France, May 9, 1893, apparatus for maturing 
and improving feriiumted alcoholic lifjuids. , , . i 

4978,57 -a Bulloek, Nortli Caml.riiige, M!v.ss., May 23, 1893, mctliod of and 

apparatus for treating aleoholie liipiors. , a, i . -ii 

,531718—J. S. j)etwilcr, PluliKielphia, Fa., and M. 0. feteven.s, Mcreliantville, 

N.j.', Jan. 1,1895, apparatus for aging liquons. . 

582008—M. Wliitson, Kalina, Kan., May 15, 1897, apparatus for punfying and 

''’“S'l—.L B. Roche, Louisville, Ky., Dee. 29,1903, apparatus for heating liquor. 

SI 1900_R A. Stewart, San Francisco, Cal., one-half interest to A. J. Knoblock, 

of San Francisco, Cal., Feb, 6,1906, inean.s for aging and purifying liquors. 

818478-S. sWder, Denver, Colo., April 24, 1906, receptacle for storing alco- 

'‘‘’'eoS-A. M. Villon, Lyons, France, Aug. 9,1898, processes of manufacturing 


ethvlic alcohol. ... « 

38562.5— Vim. L. Horne, Meriden, Conn., 
Conn., July 3,1888, alcoholic distillation. 


to the Homo Vacuum Co., Hartford, 


♦From Patent Review, New York City. 
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4n231~Jokichi Takamine, of Tokio, Japan, processes of manufacture of alco* 
holic liquids, Sept. 17,1889. 

618207—Johannes Edward Lang, of Berne, Switzerland, Jan. 24,1899, material 
for distilling alcohol. 

615376—H, W. Wiley, of the District of Columbia, one-half to the Marsden 
Company, of Philadelphia, Pa., Dec. 6,1898, manufacture of alcohol. 

667359—Geo. Hiliard Benjamin, New York, N. Y., Feb, 6, 1^1, process of 
producing alcohol for use in the arts alone. 

347441—C. W. Ramsay, of Brooklyn, to the Ramsay Purifying Co., of New 
York, N. Y., Aug. 17, 1886, process of treating fermented, fennantable and dis¬ 
tilled liquids in vacuo. 

386748—W. L. Home, Meriden, Conn., to the Horne Vacuum Co., of Hartford, 
Conn., July 24, 1888, proee.ss of agiiig liquors. 

418792—J. A. H. hlasbrouck, Plainfield, N. J., to the New York and New Jersey 
Liquor Maturing Co., of the same place, Jan. 7,18‘.K), process of aging liquors. 

471707—J. McKinlcss, of Manchester, Kng., to the Mechanical npiiit Maturing 
Syndicate Ltd., of London, Eng., March 29, 1892, apparatus for maturing spirits 
and other liquors. 

485341—i. B. Cushing, Brookline, Mass., Nov. 1,1892, process of and apparatus 
for purifying and maturing liquors or distilled spirits. 

698184—J. F. Duffy, Chicago, Ill., April 22,1902, mctliod of refining, mellowing 
and purifying alcoholic, liquors. 

489337—K. A. Spink, Chicago, Ill., Jan. 3, process of aging liquors. 

508882—Chas. Hornbostcl, New York, N. Y., Nov. 14, 1893, preparing fer¬ 
mented and distilled liquids, extrads and solutions. 

532399—U. C. Scott, Liverpool, Eng., Jan. 8, 1895, art of aging or treating 
spirits, 

540279—C. A. Oteen, Alleglieny, Pa., June 4,1895, process of aging liquors. 

590306—D. J. Etly, Ijouisville, Ky., Sept. 21, 1897, process of an apparatus for 
aging licptor.s artificially. 

*666242—.1. E. Carroll, London, Eng., Jan. 15,1901, method distillation. 

532399—R. C. Scott, Liver|)ool, Eng., Jan. 8, 1902, art of aging or treating 
spirits. 

390243—J. U. Lloyd, Cincinnati, Ohio, Oct. 2,1888, condensing apparatus. 

407114 L. E. A. Prangey, Paris, France, July 10,1889, apparatus tor separating 
liquids at different l>oiling |>oints. 

667522— N. H. Hiller, Carbomlalo, Pa., Fel). 5, HtOl, distilling apparatus. 

12092- -N. 11. Hiller, (-ardonhale, Pa.. March 3,1903, distilling apparatus. 

742697—T. B. Martin, McKee, Ky., to Ad. \V. Creekmorc and Horatio G. Creek- 
more, of lioxington, Ky., Oct. 27,19()3. 

774824 -H. S. Blackmore, Ml. Vernon, N. V., to Rol)crt C. Mitchell, same place, 
Nov. 15,1904, process of making alcohol and aldehyde. 

822574—J. J. Brennan, of Louisville, Ky.,one-half toThos. J. Hines, same place, 
June 5, 1906, apparatus for distillation. 

349449—J. C. Peden, Lawreneebuig, Ky., to himself and the Bourbon Copper 
and Brass Works of Cincinnati, Ohio, Sept 21,1886, process of and apparatus for 
distilling. 

412407—P. Napoh's, Nata, Cal., Oct. 8,1889. distilling apparatus. 

436684—E. A. Barl^'t, Paris, France, S(‘pt. 16, 1890, apparatus for and process 
of continuous rectification of spirits, alcohol, etc. 

43(1735—< 1 . Gugnard and A. Hedouin, Paris, France, September 16, 1890, pro¬ 
cess of and apparatus for manufacturing alcohol. 

436764—13. A. Barbet. Paris, France, Sept. 16,1890, process of and apparatus for 
rectifying and distilling alcohol. 

451679—G. Dcscamps, Havana, Cuba, one-half to George S. Dcscamps, of New 
Orleans, La., May 5,1891, apparatus for manufacturimr alcohol from sugar cane. 

504074—Fxison Bradley and Edw. N. Dickerson, Jr., New York, N. Y., Aug. 
29,1893, proee.ss of making alcoholic distilled liquor. 

639979—M. Hickey, Boston, Mass., December 26,1899, apparatus for recover* 
ing waste alcohol for liquor casks. 
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314.3«-B. Schumm, New York, N. Y., Feb. 6,1894, apparatus for preparing 

and manipulating fermenting mixtures. 

7331S9—W. Griesser, New York, N. Y., July 7,1903 brewing apparatus. 

765.549—F. Brogniez, Detroit, Mich., to Pfandlcr, Vacuum Fcmientation Co., 
of Rochester, N. Y., July 19, 1904, mechanism for regiilating the admission of air 
to liquids. . 

35H61.5- G. Jordan, New York, March 1, 1887, apparatus for distilling alcohol 
and other volatile substances. 

41493()—C. J. T. Burcey, Syracuse, N. Y., apparatus for purifying wood alcohol, 
Nov. 12,1889. 

484963—M. Hickey, Boston, Mass., apparatus for and method of recovering 
waste alcohol from licpior casks, Oct. 2.5, 1892. 

039980—M. Hickey, Boston, Mass., apparatus for recovering waste,' alcohol 
from casks. Dee. ‘20, 1899. 

(i3()772—C. J. Seltzer, Philadelphia, Pa., process of recovering absorbed alcohol 
from cmiity barrels, Nov. 10,1901. 

705148—1’. P. Peace, Philadelphia, Pa., process of removing alcoholic liquors 
from empty casks, July 12, 1904. 

81.5403— T. H. Naughton, Boston, Mass., ajiparatus for recovering waste alcohol 
from liipior casks and barrels, March 20, 1900. 

81.5404— T. II. Naughton, Boston, Ma.ss., process for recovering waste alcohol 
from liquor casks and barrels, March 20,1900. 

28,502!)—A. Deininger, Berlin, Germany, apparatus for manufacture of alcohol. 
May, 10,1882. , , „ .. 

20092.5— K.Trobachand A. (lords, processor and apparatus for distilling alcohol, 
Oct. 31, 1882. . , , . . 

333721—J. Bendi.x, Berlin, Prussia, Germany, process of hllering alcohol, Jan. 
5, 1.S80. 

393057—T. G. Bowick, Har[)enden, Eng., apparatus for purifying alcohol, Nov. 
20, 1888. 

391015—T. G. Bowick, Harpenden, Eng., process of purifying alcohol, Oct. 
10, 1888. . 

408.583—Andre Theodore Christoph, Pans, France, rectification of alcohol, Aug. 


0, 1889. 

412931—Carl Maria Pielslicker, 


I/mdon, Eng., process of purifying alcohol. 


Oct. 15, 1889. , „ 

419332—William L. Horne, of Meriden, assignor to the Horne Vacuum Co., of 
Hartford, Conn., alcoholic distillation, Jan. 14, 1890. 

432198—Gaston Giiignard, of Paris, h'rance, process of purifying crude alcohol. 


July 15, 1890. 

4.57799—Alfred Springer, of 


Cincinnati, Ohio, method of producing alcohol, Aug. 


IS, 1891. 

470447—Paul Clement Rosseaii and Marie .lean De Chauterac, of Paris, and 
Marie Joseph Denis Alexandre De La Baume, of Tourtour, France, method for the 
purification of alcoholic liipiids, March 8,1892. 

, 5741)1 _M. Pridham, Philadelphia, Pa., process of and apparatus for purifying, 

leetifying, and deodorizing alcoholic or other liquids, Dec. 29,1890. 

617400—0. Killing, Du.sscldorf, Germany, process of purifying raw alcohol' 
from aldehyde, Jan. 10, 1899. . , , . . 

6250.50_ W. G. Day and T. A. Byran, Baltimore, Md., proce.sa of improving 

alcoholic liquids. May 23, 1.899. j,. .t ,ta.ai j 

645940—Marie Jean Do Cliaiiterac, of Pans, and Mane Joseph Denis Alexandre 
De La Baume, of Tourtour, France, assignors to La Societtc Civille Pour L’Exploita- 
tion De Brevets DTnvention Concernant L’lndustrie De L’Alcool, of Paris^ France, 
purification of alcoholic liquids, March 27,1900. 

736098_Lallah 8. Highton, of San Francisco, Cal., administratrix of James 

Howden, deceased, art, of purifying alcoholic liquors, Aug. 11, 1903. . 

657698—J. A. H. Hasbrouck, Brooklyn, N. Y., process of aging alcoholic liquors, 

^*^824^6_Harry 0. Chute, of Cleveland, Ohio, process of making wood alcohol,. 

July 3, 1906. 
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Fusel oib. Manufacture of E. A. Mirlin, P^ue and L. 

ctc.rtpi in. "j. H.'coveU;Montague.Cap; 

Tolonv Eiig. 15371, July 26,1906. r i • r T* Ahlers 

l)iRtilleiT "slbp^’ desiccated, and process of making ^me. G. 1. Ahler^ 
r„vWon\v U. 8. Pat. 821320, May 22, 1900 A diy fodder is prepared 
{".^^^ ^stuW'slop liy separating the latter into soUd and liquid portions. Ihe 
nnrt oM are^dried to a granular and absorbent condition, ivliile the liquid 

w'aX^w Improvements ij. No 731799, patented June 23,1903. 
Walter E. Lummus, Lynn, Massachusrt^^^^^^^ 8. A 20936. West. 



1 digester vessels. English 

^^*leiine?I/iig ^aTs.^’English Patent 188.36 (190.5), September 26. House. 
a"onofd,viaticmaHex^^^^^^^ 

-^^tus there. 

for En^iish Patent No. 26527 (1905), Sept. 26. W estrepe and Cooper. 




GENERAL INDEX, 


A 

PAO£ 

Abb6 refractotneter. 148 

Absolute alcohol. 47,74,75 

Acetone, detection of. 163,164 

accordinj^ to llritish regulations. 454, 468 

ac(;ording to CJonnan regulations. 468 

according to United States regulations. 353 

volum(‘tric estimation of, aceonling to Messinger. 346, 347 

Acetylene arc lamp. 233 

. as an illuminant. 232 

gas generator. 234 

lamp. 235,236 

Adaptation of kerosene biinier for use with alcohol for steamer aulomo- 

bilos. 274 

Agricultunil or farm(‘rs’ alcohol still. 92, 94 

Air, calculations of, for the complete combustion of alcohol, gasoline, kero¬ 
sene, and enide jictroleuin. 248-256 

Alcohol according to Hehner. 158-164 

American periodic distilling apparatus. 117-119 

aniline dyes made from. 371, 424, 476 

apparatus, patents relating to. 490-493 

as a source of power. 277-^7 

PS an illuminant. 207-229 

as fuel for steamer automobiles. 274 

chahng-dish set. 271 

coiTcc-maehine set. 270 

commercial apparatus for the distillation of. 80-121 

compared to kerosene for illuminating pur|X)ses. 210-213 

composition of denatured. 2 

consumption of. in engines. 286, 287, 298, 303, 327, 328 

consumption of, in motors. 286, 287, 298, 303, 327, 328 

cooking-stoves... 260, 262, 266-269 

definition of denatured. 1 

determination of. 122-127 
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Alcohol distilling apparatus, American. 104-122 

distilling plants, cost of. 200, 201 

cst imution of, in the ferment ed mash liquor or wash.• 17-50 

ethyl, detection and determination of, hy the immersion rofraetometcr 145,146 

ethyl, detection of. 100,167 

extraction of, from the wash. 76-80 

for automobiles. 802-308 

from potatoes in Germany. 18-20, 438-440 

from sawdust. 2,181 

from United States Gaugers’ Manual, 1000. 14;i-146 

heat er and travelling companion. 269 

heating apparatus. 259-265 

lamp, the incandescent.210-231 

manufacture of. 17-50 

meter, the Siemens. 103 

methyl, aniline dyes made from. 3 

methyl, detection and determination of, hythe immersion refraetometer 145,140 

methyl, detection of. 165,166 

methyl or wood. 2 

motor, the Deutz. 280-290 

production of, in France. 372,373 

production of, in Gennany. 172,173, 371, 372 

raw materials used for. 17 

recovery of denatured, apparatus for. 356-358 

rectification of. 78, 79 

still, as desigmtd by Edouard Adam. 80-82 

by Barlx’t. 94, 95 

by Coffey. 87-89 

by Derosne. 82-85 

by Dorn. 82 

by Ilges. 89, 90,100-103 

by I’istorins. 85-87 

by Saint-Marc. 87 

by Stade. 96-100 

stills, as designed by Americans. 104-119 

street lamps. 215, 225-230 

tables adopted by the A. O. A C . 127-141 

teakettle set. 273 

U. S. Government definition of. 2 

use of, industrially in the I’niled States. 15,16 

yields of, fnun different materials. 35-40 

Alcohol-engine, the Deutz. 277-286 

the Foos gasoline-engine adapted to alcohol. 315-319 

the Mietz & Weiss. 290-295 

the Weber. 294-298 

Alcoholometry. 122-146 

Automatic barrel fillers, American. 121 

Automobiles, the alcohol motor for. 302-308 
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B 

PADS 

Barbet continuous still. 94 

Bibliography of denatured alcohol. 489 

Boiling-point, theory of. 64 

Boiling-points of ethyl alcohol and \val,er. . . 66, 67 

of mixtures of ethyl and methyl alcohol. . . 65, 66 

Bomb calorimeter, the Williams .23(4-246 

Books of reference. 489 

British Departmental Committee on Industrial Alcohol, Report of, to both 

Houses of I’arliarncnt by command of His Majesty. 421-486 

British Revenue Act of 1906, lu w and morci lilieral provisions of, as to 

spirits used in art, mamifiict iirc, etc. ‘',84-489 

Buildings tor alcohol-distilling plants, cost of.18(5-200 

By-products from the distillation of alcohol. 175-181 

C 

Calorific value of the usual li(|uid fuels, table of ... 258 

Calorimeter, the Williams lx)mb. . 239-245 

Cane-molasses, the fc'rmcntalion of . 51-64 

Cliafing-di.sh set. . 271 

Clearance, per cent of, in Iteutii alcohol-engine. . 325 

• in Diesel engine. . . 326 

in Foos gasoline-engine. 319 

in Otto engine . 326 

in Weber alcohol-engine. 208 

in W^'lx'r gas-engine. 298 

Coal-tar colors, alcohol used tor. 371, 424, 476 

Coffee-machine set, alcohol. 270 

Cologne spirit apparatus, American. 106, 111, 112 

Comparison of the steam-engine with other types of engines. 319-323 

of gas-engine with other types of engines. 323, 324 

Composition of raw materials used for alcohol. 27, 28 

Compound distillation, theory of. 70, 71, 77, 78 

Consumption of alcohol in engines and motors. 286, 287, 298, 303, 327, 328 

Continuous beer-still, American. 105, 109,110 

Continuous-distilling apparatus, the American. 104-117 

the E. Barbet. 94, 95 

the Braunschweigische. 92 

the llgcs improved. 100-103 

the Ilges original. 89, 90 

the deorge Stade. 96-100 

Control of distillery operations. 44-51 

of the fermentation operations: (o) control of the yeast. 44 

(6) estimation of the fermentable matter in the sweet mash. 45-48 

(c) estimation of the yield of alcohol from the fermented mash. 47-50 

Cooking-stoves, alcohol.*•. 260, 262, 266-^269 
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(k)oking-thormomcter and preaeurc scale. 25 

Cora crop of 1905 in the United States, statistics of. 171 

Cost of alcohol from com. 169 

from different raw materials.169-176 

from molasses. . 169 

from potatoes. 171-174 

from sugar-beets. 174-176 

from sweet potatoes. 174 

in the United States. 344 

alcohol-distilling plants . 200-201 

buildings for alcohol-distilling jrlants. 186-200 

denaturing alcohol in foreign countries. 340-344, 368, 423, 435, 444 

lighting by kerosene. 229 

wood alcohol, commercial. 201-207 


n 

Demand for denatured alcohsl in the United States, how to increase. 309, 370 

Denatured alcohol, history of, in fomign count ries. 3-7 

bibliography of. 493 

consumption of, in engines and inolors. 286, 287, 298, 303, 327, 328 

for spirit varnishes. 358-360 

fuel value of. 245-248 

impracticability of purifying. 301-304 

laws and regulations for, in foreign countries . 329-338,447-486 

motor for the automobile. 302-308 

original law for, in the United States . 338-340 

jmssibilities of, in the United States . 361-374 

possibilities of specially denatured alcohol in the United States. 370-374 

power uses of. 001,302 

probable price of, in the United States. 364-368 

quantities used in the United Kingdom. 8, 445, 446 

in Belgium. 12 

in Cutia. 13-15 

in France. 072,373 

in Germany.'.. 9, 371, 372 

in Italy'. 1® 

in Spain. 12,13 

in Switrerland. lH 

recovery of, in the United States.. 356-358 

supplementary legislation for, in the United States. 489 

variety of its uses in the United States. .368-374 

Denaturing, eix’cial methods in fonugn countries. 345, 370-374, 458-467 

Denaturing alcohol, cost of, in foreign countries. 340-344,368,423,435, 444 

cost of, in the United States. 044 

Denaturing substances, properties of. 344, 345 

tests prescribed for, by the United States. 351-356 
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Denatured substances used. 2, 335-338, 370, 463-465, 472 

used in foreign countries, government tests prescribed for. .345-351,452,453, 

468, 472,475 

Dephlegmation. 70-73 

Dephlegmators, the Wurz, Le Bel Henninger, Hcmpel, Glinsky, Linnemann, 

Young and Thomas. 71-73 

Detection and determination of ethyl and methyl alcohols by the immersion 

refractometer. 145-156 

Detection of acetone.163,164 

of ethyl alcohol.166, 167 

of methyl alcohol.165,166 

Determination of alcohol by the alcoholometer. 122 

by distillation.123-127 

by the ebullioscoj o. 122 

in the wash. 47-50 

of methyl alcohol in denatured alcohol by the Zeiss immersion refrac¬ 


tometer . 155-158 

of specific gravity. ^ . 45-50, 124-127 

Dcutz alcohoUmgino. 277-286 

alcohol-motor. 286-290 

Diesel engine, the American. 307-310 

Difference in refraction between ethyl and methyl alcohols. 149 

Distillation, compound. 70, 71, 77, 78 

simple. 67-69 

theory of. 67-69 

Distillation of alcohol, by-pn)ducts from . 175-181 

Distillery operations, control of. 44-51 

plan of . 183-187 

Distilling apparatus, foreign. 80-104 

American. 104-122 


Efficiency of a fuel, the thermal. 244, 245 

Electric incandescent and arc lights compared to alcohol. 237 

Engine, the plowing or traction, and its adaptation to alcohol. 298-301 

steam-, compared with other types of engines. 319-323 

the American Diesel. 307-310 

the Deutz alcohol. 277-^6 

the Foos gasoline-, ^apted to alcohol. 315-319 

the Mietz & Weiss alcohol.. 290-295 

the .Weber alcohol. 294-298 

Ethyl alcohol from sawdxist. 181,182 

detection of.. ... 166,167 

chloride as a refrigerant. 182,183 

Evapomtor, triple-effect, for drying slop.... • • ■ 179 

Extract, per cent of, in sweet mashes, by Balling, table of. 47 

Extmetion of the alcohol by distillation. 76-80 
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PAoa 

Farmers^ still, tht* ... 92-94 

hou' oporatni in Gomiany .. 438-440 

Formentable matter, the estimation of. 45-48 

F(‘mu‘ntaiion. 30-33 

of eanc-nioksscs. 51-04 

}K*ricMl,lho. 43,44 

Foniienting-honsc^, modcni German. 30 

modern American. 31 

Ferinenting-vats. 32-34 

Fillers, automatic barrel. 121 

Flashing-points of various lujuid fuels... 258 

Flasks for fractional distillation . 70 

Floating thermoinet(‘r. 27 

Foos gjusoline-cnginc and its ada|)(ation to alooln)!.315-319 

Foreign alcohol heating-stove.s. . 275, 270 

Fonnaldehyde from methyl alcohol. 3 

Fractional distillation, theory bf. .. . . 08, 69 

efficiency of. 73 

Fuel, thermal efficiency of a .... . . 244,245 

Fuel value of ah^ohol compan^d to the other usual liejuid fu(4s .... 239-248 

of denatured alcohol. 245-248 

IWl-oil. 175-177 

n*eoveryof. . 1.'‘3-185 

removal of. 79 

(1 

Gallon, the British ])roof. 142 

the United States proof. 140 

the United States taxable. 141 

the United States wine. 141 

Gas-engine compared to other types of engines. 323, 324 

Gasoline-engine and its adaptation to alcohol. 315-319 

Gaugers’ cup, the United States. 142 

Generator h)r acetyicne-gas ...«. 234 

Grain-sorter or power sieve. 22 

II 

Heating apparatus, alcohol. 259-265 

the Zeiss, for all forms of refractometer. • 148 

stoves, foreign alcohol. 275,276 

Histoiy of denatured alcohol in Austria-Hungary. 6 

in Belgium. 5 

in France. 4' 

in Germany. 4 

in Great Britain. * 3 
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»AOB 

History of denatured alcohol in Italy. 5 

in the Netherlands. 5 

in Norway. ^ 

in Sweden. 5 

in Switzerland. 4 

Hist-ory of tax-free alcoliol in the United States. 7 

Household alcohol illiiminating-lamj»8. 210-225 

Ilydromctcr-jar. . 259 

the Hailing. 46 

the Heaumc. 259 

the U. S. spirit. 142 

I 

Ilges still, the original automatic continuous. 89, 90 

the improved automatic continuous . 100-103 

Immcrsi(»n refractometor, the Zeiss . . 146 

Improvements iieoded in motors, cooking-stoves, lamps, etc., to increase the 

demand for denatured alcohol in the United Slates.. 374 

Incandescent {ilcohol-lanips. .210-231 

mantle for alcohol-lamf)s . . 209, 210 

Wclsbach gaslight. • ■ - 229-232 

Increase in use of denatured alcohol in the United States, how to effect... 369, 370 

Index of refraction of. ethyl alcohol. 151 

ol methyl alcoliol. 150, 151 

K 

Kerosene-oil engine, the Mietz & Weiss . 310-312 

L 

I>aborat-ory apparatus, Clerman, for estimating the alcohol in the fermented 

mash liquor or wash. 49 

distilling apparatus. 68 

steam distilling apparatus.. 76 

vacuum distilling apparatus. 75, 76 

Law, original, for denatured alcohol in the United States. 338-340 

Laws and regulations for tlenatured alcohol in foreign countries. .329-338, 447-486 
Legislation amending and liberidizing the original denatured-alcohol law 

in the United Slates. 489 

M 

Malt-crushing machine. 29 

Malting. 28-30 

Manufacture of alcohol. 17-50 

of alcohol, patents relating to. 490-494 

of alcohol apparatus, patents relating to.•..... 490-494 
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Mash-cookcr thermometer. 25 

Mash-cookers, American vacuum. 24 

Mash-tubs, American. 23 

Mashing apparatus, American. 25, 26 

(lenuan high-pressure. 18-20 

Metliods used in testing internal-combustion engines. 324-328 

Methyl aleoliol, aniline dyes made from. 3 

as found in lemon extract. 154 

detection of. 165. 166 

fonnaldchyile made from. 3 

in orange extract. 154 

in tincture of iodine. 155 

Micro-organisms, the. 39-42 

Mietz & Weiss alcohol-engine. 290-295 

kerosene-oilengine. 310-312 

Mill, American, for grimling corn-meal. 21 

Mixtures of etliyl and methyl alcohol, boiling-points of. 65, 66 

of ethyl alcohol and water, boiling-points of. 66, 67 

Motor for laboratory purposes, using denatured alcohol. 167, 168 

Motor-cars, ahohol f<ir. in Clermany. 336 

MotoNvchicles in England, spirit for. 427 

Moulds, use of, in saccharification. 42, 43 

0 

Origin of simple distillation. 80 

P 

Patents, for the manufacture of alcohol, and alcohol apparatus, refer¬ 
ences of. 490-494 

Per cent extract by tlie Hailing hydrometer, table of. 47 

Periodic distilling apparatus, American. 117-119 

Plan of distillery. 183-187 

Plowing- or traction-engine, the Hart-Parr Company’s, and its adaptation 

to alcohol. 298-301 

Possibilities of denatured alcohol in the United States. 361-374 

sj>ecially denatured alcohol in the United States. 370-374 

Potato-washing machine and elevator, German. 18, 19 

Potatoes, making alcoJiol from, in (lennany. 18-20, 438-440 

Power uses of alcohol. 301, 302 

Preparation of the raw materials used for making alcohol. 17-27 

Price of denatured alcoliol in the United States. 361-368 

prospects for lowering same. 364,368, 489 

Prices of \i8ual liquid fuels, ratio of. 255 

Production of alcohol. 17-51 

in France. 372, 373 

in Germany. 172-174,371,372 

Proof gallon, the Britfsh.. 142 
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Proof gallon, the U. S... 140 

Properties of denaturing materials. 344, 345 

Purifying denatured alcohol, the impracticability of. 361-'364 

Pycnometer, use of the. 48, 49 

Q 

Quantities of denatured alcohol »isc<l in Belgium. 12 

in Cuba. .. 13-15 

in England. 8 

in France. 9 

in Germany. 9 

in Italy. 10 

in Spain. 12, 13 

in Switzerland. 10 

R 

Ratio of prices of various fuels. 255 

of vitiation of the atmosphere by various liquid fuels. 256-258 

Raw materials used for making alcohol. 17 

composition of. 27, 28 

Recovery of denatured alcoliol in the United States. 356-358 

. fusel-oil. 183-185 

Rectification of alcoliol. 78, 79 

Rectifying apparatus, American. 114-117 

German. 93 

Redistilling apparatus, American. 104-107 

Reference, books of. 493 

Refined wood alcohol. 206 

Refractometer, the Zeiss immersion. 146 

the Abb<5. 148 

Regulations and instructions of the United States Government for the 

denaturation, handling, and use of denatured alcohol. 375-420 

Report of British Dei)artmental ('ommittee on Industrial Alcohol presented 

to botli Houses of Parliament by command of Ilis Majesty . .. 421-486 
Committee on Ways and Means on legislation amending the original 

denatured-alcoliol law in the United States, abstracts from.... 489 

Revenue Act of 1906, British, with new and more liberal provisions as to 

spirits used in art, manufactures, etc. 484-489 

"Rod-and-disc” still-heads. 71 

Rotary slop-drier and press. 180, 181 

S 

Saccharometer, the. 45, 46 

Separating boxes, American. 119,120 

Separation of fusel-oil in the purification of alcohol .. 96,97 
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Separation of methyl and ethyl alcohols by fractional distillation. 73, 74 

of ethyl alcohol and water by fractional distillation. 73, 74 

Siemens alcohol-meter. 103 

Slmi)le distillation . 67-09 

origin of. 80 

Simple or common still, the. 69 

Slop-drier and press, the rotary. . 180, 181 

Special denaturing methods in foreign countries. 345,370-374 

Specially denatured alcohol in France, use of. 372-374 

in Germany. . 370-372 

in the United States, possibilities of . 370-374 

Specific gravity, determination of. 45-50,124-127 

of ethyl and methyl alcohols, comparison of . 150, 258 

of various liquid fuels. . 258 

Spent wash or slop, the value of. .177-181 

Spirit apparatus, American. .106,111-117 

varni.shes . . 358-360 

Stiule’s continuous automatic still .. . %-100 

Steamer automobiles, alcohol as a fuel for . 274 

Still, the compound. . .. 70,77 

Still-heads, “rod-and-disc”. ... 71 

Stoves, alcohol cooking. .. 260-269 

Suiierheating steam, latoratory copper coil for. ... 77 

Supplementary legislation in the United St ates amending and liberalizing 

the original denaturtid-alcohol law. 489 

T 

Table of per cent extract, by Balling. 47 

Tax-free alcohol in the United States, history of. 7 

Teakettle set, alcohol. 273 

Technical distillation of alcohol, the . . 76-80 

Testing of internal-combust ion engines. 324-328 

Tests prescribed for denaturing materials used in foreign countries. 345-351, 

452, 453, 468, 472, 475 

in the United States. 351-356 

Theory of distillation. 67-69 

of compound di.stillation .. .. . 70,71,77,78 

of fractional distillation .... . 68, 69 

of simple distillation. 67-69 

Thermal efficiency of a fuel. 244, 245 

Travelling companion, alcohol heater. 269 

U 

United States alcohol tables from Gaugers’ Manual, 1900 . 143-146 

' Regulations and Instructions for denatured alcohol. 375-420 

Use of denatured alcohol in foreign countries. 8-15 
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Use of moulds in saccharification. 42, 43 

of specially denatured alcohol in France... 372-374 

in Germany. 370-372 

in the United States, the possibilities of . 370-374 

of tax-fK.*e alcohol in the United States for illuminating purposes .... 207-210 

of tax-free industrial alcohol in the United States. 15,16 

Uses of denatured alcohol in the United States, probable variety of. 368-374 

V 

Vacuum mash-cooker, American. 24 

mash-cooking apparatus, American. 26 

Vacuum-slop evaporator, triple-effect. 179 

Value of alcohol as an illuminant compared to other sources. 237, 238 

as a fuel . 230-248 

of slop or spent wash.177-181 

Vaprir pressure, tlK'ory of. .. . 64 

Varnishes, spirit. . 358-360 

Vitiation of the atmosphere by the combustion of the usual liquid fuels, 

ratio of. . 256-258 

Volume of uir, by Ihooiy’^, required for compl(‘((‘ eombustion of given 

amounts of the usual liquid fuels, tabh* of. 256 

necessary for<‘oniplele eombustion of alcohol, gasoline, kerost*nc, and 

eni<ie pi'troleum, tiieon-tical calculation.s of. 248-256 

Volumetric estimation of acetone, according to British regulations. 454, 468 

according to German regulations. . . 468 

according to Mc'ssinger. . 346, 347 

according to United States regulat ions. 353 

W 

WelKT alcohol engine, the. 294-298 

Weight per U. S. gallon and cubic foot of the usual liquid fuels. 258 

Williams bomb calorimeter . 239-245 

Whitergreen, oil of, from meiliyl alcohol. 3 

Wood or methyl alcohol, properties of. 2, 3 

refined. 206 


Y 

Yeast, the control of.^... 44, 45 

Yeasts, wild and “di.scase”... 43, 44 

Yield of alcohol from cane-sugar, the theoretical. 36 

from cane-molassos, theoix'tical versus practical. 37, 38 

from com, theoretical versus practical. 37 

from iK)tatoes, theoretical versus practical. 38 

from rye, theoretical versus practic.al. 37 

from starch, the theoretical. 35 

from sweet potatoes, theoretical versus practicai... 38,39 
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Yield of aloohol, theoretical, from dextrose, leemlose, glueose, and grape- 

sugar . 36 

Yields of alcohol, theoretical versus practical. 33-39 

Z 

Zeiss heating apparatus tor all fonns of ndraclometer. 148 

immersion refractometer. 146 

INDEX TO UNITED STATES REGULATIONS AND 
INSTRUCTIONS. 

PART 1. 

SECTION PAGE 

Act relating to denatunTl alcohol. 1 375 

Denaturing Ixmded warehouses: 

Alcohol which may lx; removed to, from distillery warc- 

hou.ses . 1,5 380 

Alcohol to lx; immediak'ly removed (o, after iicspection, 

etc. 20 383 

Aleohol to be immediately denatunxl when received in.. 39 389 

Application for establishment of . 7 378 

Approval of. 10 379 

Bond to be given by proprietor of. 11,12 379 

Bond, form of..■- 13 379, 380 

Collector’s order to gauger to gauge alcohol to be re- ■ 

moved to . 1,5 380 

Collector’s record of alcohol removed to denaturing ware- • 

house;. 25 385 

Consent of sureties to distiller’s Ixind. 3 377 

Construction of. 2 376 

Custody of. 6 377 

Deficiencies, tax to be collected on . 17 38'2 

Entry for withdrawal to, to In' filed by distiller. 16 381 

How and by whom to be established. 2 376 

Locks and seals. 6 377,378 

Notice of intention to remove alcohol to. 15 380,381 

Packages to be marked and branded j^’fore removal to. 17 382 

Permit lor removal to, to be issued by collector. 17 382 

Recordofalcoholreceived,etc.,atdenaturingwarehouse. 21,22 383,384 

Record and report of removal to. 18,19 . 383 

Report of gauger. 16 381, 382 

Report of officer assigned to denaturing wamhouse .... 23,24 384, 385 

Same to be inspected before approved. 8 378 

Sureties, qualification of. 11 379 

To be numbered aerially, *. 3 377 
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Denaturing material room; 

Construction of. 4 377 

To be provided at each denaturing bonded warehouse.. 4 377 

To be provided with suitable tanks, etc. 5 377 

Denaturing materials: 

Kinds and quantities to tw used. 26 385, 386 

Monthly returns of, to Ix' rendered by officer. 29 386, 387 

Record of material to be kept liy officer . 28 386 

Record of, to be kept by distiller. 30 387 

Rejected samples. 27 386 

Samples of, to lie submitted for analysis. 27, 57 386, 393 

To be deposited in denat uring material room. 27 386 

Tolx?undercontrolof officer, and to lx- mi.xed in suitable 

tanks. 27 386 

Use of denaturants, etc : 

Alcohol to be inspected lefore removal from packages.. 31 387 

Alcohol to lx; dumpixl in inixing-( anks . 3,5 38 g 

Alcohol, when denatim*d, to lie removed from premises. ,51 392 

Application for gauge of denatured alcohol . 40 389 

Contents of tanks to lx; plunged. 35 388 

Denaturixl product to lx- drawn off and gauged. 37 388, 389 

Distiller to provide neceasjiry appliances, etc . 34 388 

Distiller's return to be compared with collector’s record. 56 393 

• Gauge to lx; made by officer. 41 389 

Kind and capacity of packagi's to W used . 38 389 

Method of gauging denatured alcohol. 42 389 

Mixing-tanks to be under sole custody of officer . 49 391 

Monthly transcript of record to lx; furnished. 54 392 

Notice of intention to denature alcohol, to lx* fde<l. 31 387 

Packagescontainingdenatured alcohol, how marked,etc. 44,45 390 

Record of operations, to lx; kept by officer. .50 391 

Record of alcohol received, etc., to be kept by distiller.. 52, 53 392 

Record of denatured alcohol to lx; kept by collector ... 55 392, 393 

Report of gauge to lx; made on Form 2.37o. 43 389, 390 

Ri-tumof materials, etc..dumped, to lx; made by officer . 36' 388 

Samples of denaturants to be .submitted for analysis ... 57 393 

Stamp book and stubs, disposition of. 48 391. 

Stamps on packages to be removed. 31 387 

Stamps for denatured alcohol, form and denomination of. 46 390 

Stamps, daily report of officer of. 47 390, 391 

Transfer of denaturants to mixing-tanks. 32-34 387, 388 

PART 11, 

Denatured alcohol (dealers in, and manufacturers using same): 

Appeal to Commissioner in case of canceled permit.... 64 395 

Application of manufacturers for permit. 75 397 

Application, when signed by agent or attorney. 62 394, 395 

Assistance to be furnished officers in their inspection... 71 396 
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Denatureil jUcoUoI (dealers in, and manufacturers using same); 


Bills of lading, receipts, etc., to be submitted for inspec¬ 
tion . 70 396 

Classification of denatured aU^ohol. 58 393 

Dealers in “completely denatured akjohol” lo obtain 

permit. . . 01 394 

Dealers, wholesale, definition of. 01 394 

Dealers, n'tail, definition of. 01 394 

l.*al>els to lx* placed on retail packages. 73 397 

Manufacturers to alTord facilities lor examination by 

officers. 77 398 

Permit i-ssuinl to dealers, form of. 05 953 

IVnnit for inanufactim'rs using “completely denatured 

alcohol" in certain cases. 75 397 

Permit to manufacturers using, etc , form of .... 70 397 

Permits, application for, by deal(*rs. 02 3f)4 

Permits to expire June 30, each year 03 395 

Permits to be canceled by collector in certain cusi's .. 04 395 

Keeord of dealers, to lx* kept by collector . ... 00 395 

Record to l)c kept by wholesale d<'alers ... 07 395, 390 

R(‘cord to be kept by retail dealers. .. 72 397 

Record kept by dealers to be open for insf'ectiou of 

officers. 6 !) 390 

Record to lx* pn'W'rved for two y(*ars. 09 390 

Samples of suspected artieh's, et c., (o l)e taken by officer 78 398 

Sign to be placed on building of wholesale deal(‘rs. 09 390 

Stamps on empty packages to l>c destroyed . . .. 74 397 

Storage of, on certain ]>remisesprohibited .. 59 393 

Transcript of records to be furnished by wholesale 

dealers. 68 396 

Transcript to U* sworn to (fonn of oath). 08 396 

Transcript of record, under oath, to lie furnished by 

retailer. 72 397 

Use of, for certain purposes prohibited. 59, 60 393, 394 


PART III. 

Special denaturants: 

Additional sworn statement of manufacturer in certain 

cases. 103 407 

Alcohol (specially or generally denatured), condition of, 

not to be changed befon? used. 107 408 

Alcohol (specially or generally denatured) must be de¬ 
posited in storeroom. 108 408 

Alcohol to lie used as reccivinl. 105 407 

Alcohol, how disposed of on discontinuance of business.. 106 408 

Application for establishment of storeroom, etc. 83, 84 399,400 

Application of manufacturer, approval of. 86, 87 400 
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Special donaturants: 

Applications for permit to use special donaturants. 81 398, 399 

Bond to be given by manufacturer, form of. 88 400, 401 

Bond, approval of, by collector. 89 402 

Certificate of inspection of prcmi.seB. 85 400 

Cliange in construction of plant or method of manu¬ 
facture .. 109 408 

Cuslodianof .storeroom, how designated, duties, etc. . 102 406,407 

Demiturcd alcohol to be promptly delivered for shipment. 98 404, 405 

l)i.stillcr ’8 notice of shipment of specially denaturcd 

alcohol. 97 404 

Formula of special denaturants to Ik‘ submitted. 80 398 

Location and construction of storeroom. 82 309 

Misuse of denatured alcohol, penalties, etc . 110 408 

Noticeofmanufacturerofintendedpurchaseofalcohol.. 91 402 

Notice of manufacturer, copies of, how disposed of . 91 402 

Notice of receipt of alcohol by manufacturer. 98 404,405 

Notice to officer in charge of denaturing Ijondcd wa«‘- 

house . ■ ■ ■ . 92 403 

Permit to be issued by collector, form of, etc . . 90 402 

Premises of manufacturers to tx'inspected. 85 ’ 400 

Re'cord of denatured alcohol to be kept by manufact urer 99 405 

Record of alcohol us(xl and articles |iroduccd, form of 101 406 

Record to be keiit l>y collector of manufacturer’s opera¬ 
tions . •■■ 104 407 

Retort of officer at denaturing Ixtnded warehouse of de¬ 
livery of spirits. 96 404 

"Special” and “comi)lete ” denaturants not to to mixed 94 403 

Special denaturants, use of. 79 398 

SpeciallydcnatuttxlalcohoLrcgulaiionsconcerningsame. 93 403 

Specially denatured alcohol, additional marks on pack- 


SiH'cially denatured alcohol, to to at once forwarded to 


manufacturer. 9o 403 

Storeroom for denatured alcohol to be provided .... 82 399 

Storeroom, sign to Iw placed over door of. 82 399 

Sureties, qualification of, etc. 88 400-402 

Transcript of record to be furnislied monthly, form of., 100' 405 


PAR'l' IV. 


Alcohol recovered, restored, and redenatured; 

Account to Ix! kept by collector of alcohol restored, etc.. 130 413 

Alcohol not to be redenatured unless necessary. 131 414 

Alcohol, as recovered, to Ite deposited in storeroom- 116 410 , 

Appliances, kind to bo used, etc. ^ . 114 409,410 

Application of manufacturer, form of. 114 409, 410 
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Alcohol recovered, restored, and redenatured: 

Application for permit U) recover and restore alcohol... 118 410,411 

Bond of manufacturer, fonn of. 114,115 409, 410 

Collector’sorder to officer to supervise recovery, etc.... 119 411 

Duties of officer supervising recovery, etc . 120,121 411 

Manufacturer’s record to show alcohol received and dis¬ 
posed of. 129 413 

©fficcr to make return and keep record . 124,125 412 

Packages to la‘ marked, stamped, and branded. 123 412 

Permit to be issued by collector . 115 410 

Premises on which alcohol may be restored and redc- 

natured. 112 409 

Record to be kept by manufacturer. 127 412, 413 

Reportofogprationsat storeroomto bcmadebyofficer.. 126 412 

Restoring, redenaturing, and gauging alcohol . 122 411,412 

Restoring and redenaturing, to be under supervision of 

officer. 119 411 

Samples of denaturants to Ix' used, etc.120,121 , 411 

Stills, if used, to lie registered, etc . 113,117 409, 410 

Transcript of record, under oath, to be furnislied monthly 128 413 


PART V. 

Restoring and redenaturing plants: 

Alcohol to Ix! restored and redenatured for manufacturing 

purposes only. 139 410,417 

Alcohol to be redenatured as soon as restored. 148 419 

Alcohol restored, etc., to be retunied to manufacturer » 

from whom received. 139 416 

Application for approval of plant. 136 415 

Rond of proprietor of plant, form of. 137 415,416 

Bond, penal sum of, and qualification of sureties. 138 • 416 

Cistern room to be provided. 134 414 

Denaturing material room, how constructed. 133 414 

Diagram of plant to be furnished. 136 415 

Duties of officer. 135 414,415 

Locks to be placed on furnace doors, etc ,during sus¬ 
pension . 142 417 

Manufacturer’s record and notice of shipment. 144 417 

No other business to be carried on at redenaturing plant. 140 417 

Notice of shipment, to whom sent. 145 418 

Notice of suspension of business. 142 417 

Officer to keep record and make return. 147 418 

Operations at plant, to be under supervision of officer .. 135 414, 415 

Plant to be inspected before being approved. 136 415 

Plante, where to be located. 132 , 414 
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Restoring and redenaturing plants: 

Premises to be owned by proprietor, or consent of owner 

to be obtained. 

Premises to be open to inspection of officers. 

Q^rd to be kept by proprietor of .storing-plant. 

Records to be kept by collectors. 

Redenaturing warehouse records. 

Removal from premises of specially redenatured alcohol. 
Warehouse to be provided, how constructed, etc. 


BSCTION 

FAGS 

143 

417 

141 

417 

146 

418 

152 

419, 420 

149,150 

419 

151 

♦ 419 

133 

414 


INDEX TO REPORT OF THE BRITISH DEPARTMENTAL 
COMMITTEE. 


Conditions governing the use of spirits for industrial purposes in the 

UniUd Kingdom. 422 

Hindrances to the use of spirit for industrial purposes in the United King¬ 
dom . 422 

Use of alcohol for the manufaci ure of coal-tar colors, smokeless powder, 
pharmaceutical prodvicts, fine chemicals, ether, artificial silk, lacquers, 

varnishes, etc., in the United Kingdom. 424-427 

Use of alcohol for motor vehicles in the United Kingdom. 427 

'General conclusions. 427-430 

ReiX)rt of Sub-Committee on their vi.sit to Germany: 

Official regulations for denatured alcohol. 431, 432 

Synthetic perfumes ...'.. 432 

Varnisli . 432 

Coal-tar colors.,. 433, 434 

Operation for complete denaturing. 434, 435 

Pharmaceutical products: fine chemicals. 435-430 

Agricultural distilleries: Marienfclde. 438-440 

Agricultural distillery oirerations: Marienfclde. 438-440 

Vinegar factory. 440, 441 

A Gennan methylating factory (denaturing plant) at Furstenwalde.. 441, 442 

Artificial-silk factory. 442, 443 

Production and price of spirit in Germany. 443-446 

Possibilities of the use of methylated spirit or denatured alcohol in the 

United Kingdom. 445, 446 
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INDEX TO APPENDICES FROM MINUTES OF EVIDENCE 
TAKEN BEFORE THE BRITISH DEPARTMENTAL COM- 
MITTEE ON INDUSTRIAL ALCOHOL. 

PAOB 

I. ^ties and allowances on Hritish spirits and duties on foreign spirits.. 447 

11. S Regulations as regards use of spirit for induslrial, elc., purixises 
in the United Kingdom: 

(1) Methylated spirit (denatunxl alcohol). 4.% 

(2) Spirit denaturwl with other substances than wood naj)hl,ha 

(wood alcohol). 454 

(3) Undenutured alcohol in universities, colleges, etc. 458 

B. Quantities of spirits, (‘tc., usi'd in making methylated spirits, and 

of methylated spirits pHnluccd, for five years ending 31st 

March, 1904. 461 

Quantities of unmineralized methylated spirits used in manufac¬ 
turing operations and for other purpos(‘s in the United King¬ 
dom during the year ending 31st March, 1901. 459, 400 

III. Regulations as regards use of spirit for industrial, etc., purjioses in 

Gemiany. 401 

IV. Regulations as regards use of spirit for industrial, etc., purpose's in 

France. 471^ 

V. Regulations as regards use of spirit for industrial, etc., purjioses in 

♦Switzerland. 474 

VI. Regulations as regards use of spirit for induslrial, etc., pur^ioses in 

Austria-Hungary, Russia, Holland, United States, and Belgium .. 480 

British Revenue Act granting new and more hlioral provisions as to spirits 
used in the ftrts, manufactures, etc., by the British Government in 
1906. 486 
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THE MIETZ & WEISS ENGINES 



^ We manufacture and furnish all of the Apparatus, 
Machinery and Appliances for equipping 
^ A distillery to make Alcohol from Grain, Potatoes, 
Sugar Cane, Rice or Molasses, 

^ And contract to erect complete plants under ^ 
guarantee in all parts of the world 


Our apparatus represents the most perfect types of distillery appliances which 
a long and varied practice alone can produce, and wherever used, is looked 
upon as a standard of excellence in construction and operation, unsurpassed 
by any other make. 


WRITE FOR CATALOGUE 










